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To his Excellency, Robeet M. La Follette, 
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I have the honor to transmit to you herewith, in accordance 
■with law, the Eighteenth Annual Report of the Agricultural 
lExperiment Station of the University of Wisconsin, 
Respectiully, 

James H. Stout, 
President of the Board of Regents. 
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REPORT OF THE DIRECTOR. 



In presenting the eighteenth annual report of the Wisconain 
Agricultural Experiment Station to the farmers of Wisconsin, 
a number of important matters should he recorded. 

The legislature of 1901 appropriated to the University 
$150,000 for a central home building for the College of Agri- 
culture. Plans have been prepared by Superintending Archi- 
tect Jennings, and it is hoped the structure will be completed 
during the winter of 1903. The site for the proposed building 
is on the south slope of Observatory Hill, about midway between 
the Washburn Astronomical Observatory and the Hiram-Smith 
Dairy Hall. No provision was made for furnishing and equip- 
ping the building, it being understood that the necessary appro- 
priation will be allowed by the next legislature. 

Additions to the Dairy Building. — The addition to the Dairy 
building, providing quarters for the foreign cheese department, 
was described in the seventeenth annual report. At the north 
end of the Dairy building there is now being completed an ad- 
dition which includes a double refrige'rator, a wash room, a pas- 
teurizing room and a butter-working room. The floors of these 
rooms are of figured tiles and the walls of the last two rooms are 
lined with opalite tiles. Electric motors operate the machinery. 
The Dairy Department is being equipped with a 13 H. P. trip- 
pie compressor ammonia refrigerating machine driven by a 20 
H. P. electric motor, furnished and installed by the Geo. Chal- 
loner's Sons Co., of Oshkosh, Wis. These additions to the 
building and equipment will materially increase the efficiency 
and usefulness of the Dairy Department. 

Changes at the Farm. — At the farm the farm house. Super- 
intendent's cottage and old dairy building have been moved to 

D.qitizeabvG00l^jC 
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new locations facing Box-elder Drive, now known as "Farm 
Place." These buildings are being renovated and put in first 
class condition. Their removal clears a large apace of ground 
which is reserved for future educational buildings, such as poul- 
try, veterinary, etc. It further makes possible the suitable join- 
ing of Linden and Green Ash Drives. 

The Bahcoch Medal Presentation. — The legislature of 1899 
provided that a medal be presented to Dr. S. M. Babcock, As- 
sistant Director and Chief Chemist of the Experiment Station, 
in recognition of his scientific services to the people. An ac- 
count of the presentation appears in this report, as does also a 
half tone reproduction of the medal. All the farmers of Wis- 
consin will join with the Director in the wish that Doctor Bab- 
cock be spared many years yet to serve the Station and the peo- 
ple. 

Changes in Station Force.— With deep regret the Director re- 
ports the withdrawal from the Station force of Prof. E, H. 
King, who for many years past has so ably conducted the De- 
partment of Agricultural Physics, Mr. King's services to agri- 
culture are not only known and recognized by the farmers of 
AVisconsin, but are appreciated by the agricultural people of the 
whole countrj-. Fortunately for agriculture, Mr. King leaves 
us for a larger field of usefulness, being placed in chai^ of a 
division in the Department of Agriculture, Washington, D. C. 
The department he leaves will be in charge, temporarily at 
least, of Mr. A. R. Whitson, who has served as Assistant Pro- 
fessor in Agricultural Physics during the past two years. 

During the past year Mr, P. W, Woll, Chemist of the Sta- 
tion, has been absent in Europe, pursuing studies in agricul- 
tural chemistry, his place here being filled by Mr. B, H, Shaw, 
formerly Assistant Chemist of the ]!^ew Hampshire Experiment 
Station, 

At its spring meeting the Board of Regents appointed Mr.' 
T. P, MeConnell, Jr., Instructor in Animal Husbandry. By 
this addition the department of Animal Husbandry has been 
materially strengthened, 

Dr, A, G, Hopkins, Veterinarian, resigned early in the year 
to undertake agricultural journalism in Canada. Ko guccessQr 

has been appointed. f ,^,^,-f\,-. 

* *■ Digitized by V-jL)*.)V It 
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Mr. E. G. Hastings, Assistant Bacteriologist, resigned to con- 
tinue studies in his chosen line in Europe; his place is filled by 
Mr. John F. Nicholson, a graduate of this University. 

Sir, Frank Dewhirat, Dairy Instructor, resigned during the 
summer to enter business life ; his place has not yet been fiDed. 

PubUcaliovs.—DnTing (he year ending June 30th, 1901, the 
Experiment Station issued the following publications: 

Bulletin No. 84 20. OOO copies, 18 pajtes each, 320,000 tc 

Bulletin No. 8S S.OOOcopief, 18 pageaeaoh, 141,000 W 

Bulletin No. 88 12,000 copies, iO pagee eeoh, 120.000 M 

BalieUaNo. 87 13,000 copiee, 31 page!! each, 403,000 to 

Special BnJlotin 40, 000 copies, apaeosoach, 80,000to 

Special Bulletin (O.OOOcopies, Spageaeacb, SO.OOOtr 

Special Bulletin SO, 000 copies, 4paBeJ<eaob, 2ia,(XK) to 



Totals... 



The above shows that during the year there were published by 
the Station seven bulletins and an annual report, containing in 
all 465 pages of printed matter, all prepared by the worbera of 
the Station. During the year 6,627,000 pages of printed mat- 
ter in the form of reports and bulletins were distributed from 
the Station, nearly all going to the farmers of Wisconsin. 

Available Puhlicatiovs. — Most of our earlier publications 
are now out of print. We have on hand and will supply to resi- 
dents of this state only, ii[ion request, until exhausted, any of 
the following: 

Thirteenth Annual Report for the year 1896. 

Fourteenth Annual Report for the year 1897. 

Fifteenth Annual Report for the year 1898. 

Sixteenth Annual Report for the year 1899. 

Seventeenth Annual Report for the year 1900. 

Bulletin No. 28. The Construction of Slloa. July, 1891. 

Bulletin So, 39. Creaming Experiments. October, 1891. 

Bulletin No. 32. Feeding Grain to Lambs. July, 1892. 

Bulletin No. 35. Insects and Diseases Injurious to Cranberries, 

April, 1893. 
'Bultetin, No. 37. The Russian Thistle. October. 1893. ; 

Bulletin No. 38. One Hundred American Rations for Dairy COwa. 

January, 1894. 
Bulletin No. 41. Grain Feeding Lambs for Market. August, 1894, 
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Bulletin No. 42. Bestrnctive Effects of Winds on Sandr Solla and 
Light Sandr Loams, With Methods of Protection. 
October. 1894. 

Bulletin No. 43. The Agricultural, Horticultural and LlTo-Stock Feat 
ures of a Portion of Wisconsin Tributary to Su- 
perior, Januar7, 1895. 

Bulletin No. 46. Power Testa of Centrifugal Cream Separators. Oc- 
tober, 1895. 

Bulletin No. 48. The Conn Culture (B41) in Butter Mailng. Janu- 
ary, 1896. 

Bulletin No. E2. A Comparison of the Babcoct Teat and the Gravi- 
metric Method of Estimating Fat In Skim Milk. 
The Alkaline Tablet Test of Acidity in Milk or 
Cream. July, 1896. 

Bulletin No. 53. Analyses of Licensed Commercial Fertilizers. July, 
189S. 

Bulletin No. G4. The Restoration of the Conslstenoy of Pasteurized 
Cream. August, 1896. 

Bulletin No. 55. Beet Sugar Production: Possibilities for a New In- 
dustry in Wisconsin. December, 1896. 

Bulletin No. 60. The Cheese Industry: Its Development and Possi- 
bilities In Wisconsin. May, 1897. 

Bulletin No. 61. The Constitution of Milk with Especial Reference to 
Cheese Production. September. 1897. 

Bulletin No. 62. Tainted or Defective Milks: Their Causes and 
Methods of Prevention. September, 1897. 

Bulletin No. 63. The Culture of Native Plums in the' Northwest. Oc- 
tober, 1897. 

Bulletin No. 64. Sugar Beet Investigations In Wisconsin During 
1897. January, 1898. 

Bulletin No. 65. A Bacterial Rot of Cabbage and Allied Plants. Feb- 
ruary, 1898. 

Bulletin No. 66. Analyses of Licensed Commercial Fertilizers. April, 
189S. 

Bulletin No. 67. Factory Testa for Milk. June, 1898. 

Bulletin No. 68. One Year's Work Done by a 16-Foot Geared Wind- 
mill. June, 1898. 

Bulletin No. 70. Construction of Cheese Curing Rooms for Maintain- 
ing Temperatures of 58 degrees to 68 degrees F. 
January, 1899. 

Bulletin No. 71. Sugar Beet Investigations in Wisconsin During 1898, 
February, 1899. 

Bulletin No. 72. Small Fruits In 1898. April, 1899. 

Bulletin No. 73. Analyses of Licensed Commercial Fertilizers, 1899. 
April, 1899. 
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Balletin No. 74. A Stud? of Daliy Salt. May, 1S99. 

Bulletin No. 75. TeaUng Cows at tJtte Farm. October, 1899. 

Bulletin No, 76. Noxious Weeds of Wisconsin. July, 1899. 

Bulletin No. 77. Effects ol the February Freeze of 1899 upon Nurser- 
ies and Prult Plantations la the Northwest, Au- 
eust, 1899. 

Bulletin No. 78. The History of a Tuberculous Herd of Cows. Au- 
gust, 1899. 

Bulletin No. 79. Principles of Construction and Maintenance of Coan- 
try KoadB. September, 1899. 

Bulletin No. SO. The Character and Treatment of Swamp or Humus 
Soil. January, 1900. 

Bulletin No. 81. Analyses of Licensed Commercial Pertilizera, 1900. 
April, 1900. 

Bulletin No. 83. Experiments In Grinding with Small Steel Feed 
Mills. April, 1900. 

Bulletin No. 83. Silage, and the Construction of Modern Silos. May, 
1900. 

Bulletin I?o. 84. Bovine Tuberculosis in Wisconsin. March, 1901. 

Bulletin No. 85. Development and Distribution of Nitrates and Other 
Soluble Salts In Cultivated Soils. March, 1901. 

Bulletin No. 86. Analyses of Licensed Commercial Ferlllfzers. March, 
1901. 

BulleUn No. 87. Native Plums. April, 1901. 

Special Bulletin. The Prevention of Oat Smut. March, 1901. 

Special Bulletin. Canker Sore Mouth in Young Pigs. May, 1901. 

Special Bulletin. Directions for Growing and Feeding Rape. May, ~ 
1901. 

Reports and Bulletins Wanted. — ^We have many calls from 
public libraries and from colleges and experiment stations for 
copies of former reports and bulletins. The following are out 
of print and very much desired : Annual reports of the Agri- 
caltural Experiment Station, I and IV ; Bulletins of the Agri- 
cultural Experiment Station (not Farmers' Institute), 1 to 11, 
inclusive; also 13 and 15. 

Friends of the Station who are not keeping files of our pub- 
lications are earnestly urged to return to us any copies they may 
have of the rare reports and bulletins. We will gladly pay a 
reasonable sum for any of the lacking numbers above noted. 
Keaders should bear in mind that the documents asked for are 
Experiment Station bulletins and reports, and not buUetina 
of the Farmers' Institute, which is another branch of the Agri- 
cultural College. . , 
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THE.BABCOCK MEDAL PRESENTATION 



W. A. HENRY. 



In 1899 the Wisconsin Legislature passed a Joint Resolution 
providing that a medal be presented to Doctor S. M. Babcock 
of the Station, in recognition of his services to the state. Gov- 
ernor Scofield appointed as a committee to provide a medal and 
to arrange for its presentation, John W. Whalen, the mover 
of the Joint Resolution, Ogden H. Fethers, of Janesville, a 
Regent of the TJniversitj of Wisconsin, an<l John il. True, 
fonnerly a Regent of the University, and at this time Secre- 
tary of the State Board of Agriculture. 

The committee secured competitive designs for the proposed 
medal from both European and American artists and after due 
consideration, chose the design submitted by Spink & Son, Lon- 
don, England, Makers of the royal seals. 

This was the largest bronze medal ever struck in England up 
to that time, and for its execution special machinery was con- 
structed. It is of golden bronze, five inches in diameter. A 
reduced photographic reproduction of the medal fae^ the title 
page of this report. Upon the obverse are symbolical figures 
representing Agriculture and Science, bringing their offerings 
to the State, who sits enthroned on a raised dais. This is sur- 
rounded by the words "Wisconsin Legislature, 1899," and the 
arms of the state. The reverse contains tiie substance of the 
Joint Resolution : 

"Recognizing the great value to the people of ihis state and to 
the whole world of the inventions and discoveries of Professor 
Stephen Moultois" BABcocii of the University of Wisconsin, 
and his unselfish dedication of these inventions to the public 
service." 
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These word8 are surrounded by an oak wreath, and outside 
of all are the encircling words : 

"The State of Wisconsin Presents to Professor Babcoch this 
Medal." 

On the evening of March 27, 1901, this medal was presented 
to Doctor Babcock in the Assembly Chamber at the Capitol, at 
a joint session of the Senate and Assembly, presided over by 
Governor Robert M. La FoUette. 

In his address Governor La Follette, among other things, said ; 

"In the midst of the spirit of commercialisin In v^ich we live aur- 
roanded by the sordid desire (or wealth, its unscrupulous methoda of 
attainment. Its idolatrous worship, its unworthy power, sucli an exam- 
ple of pure-minded, honorable conduct, placing a public benefactor 
high in the confidence of the people, above all taint ol suspicion, gives 
to the deBlcation of his invention to the public, even greater moral 
than money value and should make a profound and lasting Impression 
upon the citizenship of the state. The achnowledgment of such an 
act is uplUting to the body politic, the state; it improves each com- 
munlt)', affecta each home, and inspires each individual. 

"Wisely did the legislature provide and wisely has the committee ex- 
ecuted in making permanent record of the people's appreciation oif 
Professor Babcock's work for the state, and for the world; and in 
caualng to be indelibly engraven in bronze, Wisconsin'G recognition of 
his unselfish devotion to public service, 

"Thla medal, formally presented to him tonight, can add nothing to 
his fame and reputation, for that is already world-wide. But the state, 
the legislature and the constituency back of thia representative body, 
in thus expressing their appreciation of a great service, rendered in 
a spirit of noble generosity and high honor, will be inestimably bene- 
fited, in thus honoring Professor Babcock.*' 

Other addresses were delivered by the following: C. W. 
Gilman, Assemblyman, representing the lower legislative 
branch ; W. H. Hatton, Senator, representing the Senate ; W. A, 
Henry, representing the University and its Experiment Sta- 
tion. 

The presentation address was by Eegent Ogden H. Fethers. 
In his address the symbolism of the medal was explained as 
follows : 

"It represents the dignity of State, with Agriculture supported by 
Learning, beautifully unitefl in a harmonious whole. Its excellence is 
enhanced by the relative dependence of each figure to the others, while 
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the imagination of the artist causes Agriculture and Learning to defer 
to State. 

"State is seated on a throne of empire on the raised dais of euprem- 
acy. Behind her is anchored a ship of ancient make which has sailed 
out ot the unenlightened yesterday. Expectantly and graciously she 
watches the advance of Agriculture, while In her left hand she holds 
the scroll which bears the record of your victory. Agriculture full of 
strength, triumphantly faces State and In the full knowledge of her 
achievements In science and invention places one foot securely upon 
the dais. On her arm she carries the ripened grain; one hand wields 
a sickle and the other is grasped by that of Learning. Together, they 
stand the splendid emhodlmcnt of the motto of Wisconsin — Forward. 
The Imagination of the artist has created a grouping full of sentiment 
and throbbing with life. 

"The inscription upon this enduring bronze will bear eternal witness 
that, 'Recognizing the great value to the people ot this state and the 
whole world of the inventions and discoveries ot Professor Stephen 
Moultou Babcock of the University of Wisconsin and his unselfish ded- 
ication ot these inventions to the public service, the state of Wiscon- 
sin presents to Professor Bab'cock this medal.' " 

Following Doctor Babcock's response came the address of the 
evening by W. D. Hoard, proprietor of Hoard's Dairymen, and 
ex-Governor of the Commonwealth. Of Doctor Babcock and 
his work Governor Hoard spoke: 

"Wisconsin has had no lack of loyal and distinguished service from 
her sons In almost every branch of human effort. Starting in her 
statehood with a constitution of pofound wisdom, the work of almost 
matchlesB foresight, the name and renown of the state has been splen- 
didly upheld and advanced on the battle field, in the work of state and 
national legislation, in the judiciary, by her inventors and great cap- 
tains of industry, by her poets, her orators, and her schools, and not 
least by her farmers and teachers of agriculture. Loyalty, genius, 
courage, and enterprise are instinctive products ot our soil and institu- 
tions. This occasion is in some respects, among the most notable in 
the history of our state. It is unique, and without precedent. It marks 
an epoch. It is full ot Inspiration for better things. It savors of the 
progress that maketh for peace, honor and good will among men. 

"What Is the central thought of this hour? It Is to show In part 
what science has done for the world in the promotion of a knowledge 
of the truth In one of the greatest branches of American agriculture. 
'The truth shall make you free,' said the Great Teacher. Ignorance 
Ib the molEer of error. Error enslaves in everything and everywhere. 
It is In keeping with the central thought that we aasembie here to do 
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honor to one of the most able and unselfleh of all the noble band of mis- 
Blonarles which the ecientific impulse of the age has sent out, to dls> 
pel ignorance and error, and establish a knowledge of the truth. It 
Is beneath the dlgnitr of this impressive occasion to indulge In ful- 
some Isudatlon. The progress, the honor, the renown that Dr. Babcock 
has brought to Wisconsin Is a greater characterization than I can 
make. 'Peace hath her victories, no less renowned than war.' Wis- 
consin does not forget that she hath her heroes a? well. That loft7 
self abnegation of character which inspired the I0WI7 Nazarene, and 
has inspired the heroic Sand of missionaries who have spoken for 
Him for two thoasand shears, finds wonderful parallel In the men who 
pursue scientific research tor the sake of the truth they may find, and 
the good ihat truth shall do their fellow men." 

Letters of congratulation from many distinguished parties 
were read, among others the following: James Wilson, Secretary 
of Agriculture, Washington; C. P. Goodrich, President Wis- 
consin State Dairymen's Association ; Henry E, Alvord, Chief, 
Dairy Division, United States Department of Agriculture ; I. P. 
Eoberta, Professor of Agriculture, Cornell University; O. C. 
Gregg, Superintendent Fanners' Institutes, Minnesota; W. L 
Buchanan, Director-General, Pan-American Exposition ; James 
W. Robertson, Commissioner of Agriculture, Canada. 
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WHOLE CORN COMPARED WITH CORN MEAL FOR 
FATTENING SWINE. 



W. A. HENRY. 

The five previous reports of this Station have contained from 
one to two experiments each relative to tlie merits of whole com 
and ground corn for fattening swine. Beginning in 1896 and 
each year since, a bunch of hogs has been divided into two equal 
lots, one getting whole corn and wheat .middlings, and the other 
lot com meal and wheat middlings, Kecords have been kept of 
the feed consumed, gains made, etc. 

The trials here reported began November 17th, 1900, and 
continued twelve weeks. Owing to a breaking down of some of 
the hogs the results of the first week on the two feeds has not 
been rejected, as has usually been the case in our feeding trials, 
but is here included. The age of tlie pigs, sex and breeding are 
as follows: 

Lot I. 



.M 


Ago. 


Soi. 


IfilvediDS. 




MoqUh. Days. 

J n 

7 * 

^ i 

S 2 

7 17 

It 22 






















































10 








Pol d CI ■ 
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Lot II. 



aSfi«!. 


Age. 


Sex. 


Breading. 




Months. Cays. 

1 n 

e 29 
6 16 
6 IZ 


Barrow 


Qrade Serkshire. 












Grade Berkshire. 










.Barrow 














Yofkshl™, 


12 













Tlie hogs denoted "Razor-back" crossea had the blood of 
Indian territory feral or "wild" hog in them. Those not noted 
as grades or cross-brcds were pure-bred animals eligible to reg- 
istrj'. Previous to the experiment they had been variously fed 
grain, rape, etc. The com used in this experiment was No. 3 
old yellow Dent, grown in the vicinity of Madison. It con- 
tained, by chemical analysis, 11.47^ water. The low water 
content shows that the corn was very dry. 

Lot I received a ration consisting of two-thirds whole.com 
and one-third wheat middlings. It was i-ccognized that the pigs 
could not bo successfully fed many wettts on com alone, and we 
followed our custom of previous years in supplying wheat mid- 
dlings as a part of the ration. To the hogs getting whole com 
the middlings was fed as slop and later the com was placed in 
the same trougli. The hc^ getting ground com were given 
com meal and middlings mixed, with water added to fon^i a 
slop. Both lots wpre fed twice daily. All were given salt, 
ashes and water in addition to the grain allowance. The follow- 
ing tables show feed given, the weight of each hog at the Ix^n- 
ning of the trial, the weekly gains or losses of each individual, 
and the totals. 
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The Poland-China Kogs proved unsatisfactory feeders, show- 
ing losses at the weighing period on several occasions. Toward 
the last they became lame and their condition may be character- 
ized as "broken down." As they had received the same treat- 
ment at all times as the others, we can not offer any explanation 
exceptir.g that they were weaker animals generally. 

A summary of this trial is as follows : 

Feeding fattening hogs whole corn versus corn meal. 





Lot I. 
Whole coru. 


Lot II. 


A ■ U tbe - 1 


14S 
893 


US 



















From the data we learn that: 

Lot I required 588 pounds of shelled corn and middlings (two- 
thirds shelled corn and one-third wheat middlings) to produce 
one hundred pounds of gain, live weight. 

Lot II required 5&3 pounds of corn meal and middlings (two- 
thirds com meal and one-third wheat middlings) for 100 pounds 
of gain, live weight. 

This shows a saving by grinding of 35 pounds of com ou 588, 
or 6 per cent. 

It will be noted that the meal-fed hogs made heavier gains 
than did those getting whole com ; but they also ate more feed. 
Thus it turns out that the advantage of feeding com meal was 
not so great as would appear if only gains are considered. This 
■ explains in part at least why farmers are generally so favorably 
inclined to the use of gi-ound com for fattening hogs. They 
observe that hogs fed com meal gain more rapidly than when 
fed whole corn, and consequently reach a given weight at an 
earlier date. Since farmers rarely weigh the feed given their 
hogs, tliey do not realize that the hogs getting com meal also 
eat more feed than they would in the same time had they been 
fed whole corn. Only by weighing both animals and the feed 
they consume at stated periods can the real value of any given 
feed be ascertained. -. , 
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RESULTS OF SIX YEAES TRIALS. 

We have now conducted experiments during six winters to 
determine the relative merits of groimd aud unground com for 
fattening hogs. During thia time 193 animals have been on 
trial. Ill all cases some wheat middlings have been fed with 
the com as a part' of the ration. The results of these six years' 
studies are summarized in the following table: 



Eeaults of feeding 


whole corn 


ver^u^eorn 


meal to 19S fattening hogi. 


Report. 


No of pigs 

meacb 

lot. 


sS 


Condition at 
begioning. 


Per cent. 

"Kl."" 






B 

? 
1 

19 


SM 

211 
190 

1S5 
188 

m 




8.0 
11.0 
R.4 
2,0 

60 








Saved by Brinding. 
LoEt bf grinding. 

Saved by grinding. 
Saved by grinding. 

Lost by grinding. 

Saved by grinding. 

Saved by grinding. 


1807 

im 

1SB8 

1888 

18» 

ISO! 


ESSffi:;: 

Bather /at... 
Rather fat... 

Rather tat .. 

Ratheirat... 

Rather fat... 



From the above it will be seen that in seven cases there was a 
saving through grinding the corn to meal, while in two cases 
there was a loss. The highest saving was 17.6 per cent, and 
the lowest 6 per cent. The highest loss was 9 per cent., and 
the lowest 2 per cent. In the above no allowance has been made 
for cost of grinding, the experiment being based entirely upon 
the gain or loss incurred while feeding. 
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THE COMPARATIVE VALUE AND THE EFFECT UPON 

LAMB CROP OF FEEDING VARIOUS RATIONS 

TO EWES IN WINTER. 



W. L. CARLTLE. 



The conduct of the experiment here reported was the same in 
every way as the one described in the 17th annual report of 
this Station. 

The object of this investigation, as stated in the above men- 
tioned report, is to determine the effect upon the Iamb crop and 
the comparative value for breeding ewes of feeding the follow- 
ing rations: 

1. Com fodder, com stover, bran and oats, 

2. Com silage, com stover, bran and oats. 

3. Cora silage, hay, bran and oats. 

4. Rootfl, hay, bran and oats. 

Forty-eight breeding ewes of the Station's flock were avail- 
able for this experiment this year and were divided as equally 
as possible with r^ard to age, size and breed, into four lots of 
twelve ewes each. 

The same grain ration was given to all the ewes on the experi- 
ment. This consisted of one-half pound per head of bran and 
oats equal parts by weight, fed once daily. 

Lot 1 received a ration of cut com fodder and uncut corn 
stover in addition to their grain ration. The corn fodder was 
fully matured, containing a large percentage of ears. This 
was run through a feed cutter and fed to the ewes each morning 
and evening in their racks in the barn, 2 pounds per ewe being 
given daily, of which they refused varying amounts, aa will be 
seen in tables given below. The ewes in this lot were allowed 
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the run of a small field every daj where they were fed what they 
would eat of uncut com stover. 

The ewes in lot 2 were fed 3 pounds com silage each in their 
racks morning and evening, and the same amount of uncut com 
stover in their fields as was given lot 1. The amount of silage 
was increased toward the close of the experiment, as tie ewes 
were found to be losing in weight. 

The ewes in lot 3 received three pounds each of corn silage 
in their racks in two feeds and two pounds each of early cut 
blue grass hay in the open field each day. 

Those in lot 4 were fed three pounds each of pulped sugar 
heets in the bams and three pounds of the blue grass hay in their 
field each day. 

The com fodder and com silage fed lota 1, 2 and 3, respec- 
tively, contained approximately the same amount of ear com. 

The amount of ear com in the com fodder fed lot 1 was 
found to be 43 per cent, of ita total weight. These ewes ate 1.5 
pounds of this fodder each per day and were fed 1.6 pounds of 
com stover. The ewes in lot 2 ate an average of 2.9 pounds 
per day of com silage and were fed the same amount of com 
stover as the ewes in lot 1. !N"o account was taken of the amount 
of the stover refused in the fields. The ewes in lot 3 &\so ate 
2.9 pounds of com silage each per day and were fed 2 pounds 
each of hlue grass hay. Lot 4 ate an average of 3 pounds of 
sugar beets per day and 3 pounds each of blue grass hay. The 
ewes in lota 1 and 2 did not thrive as well on the feeds given 
them during the early part of the experiment as did the ewes 
in lots 3 and 4, consequently the amount of silage and com 
stover fed daily was materially increased for lot 2 and the com 
stover also to lot 1 during the latter part of the experiment. 

COST OF DIFFEREKX EATIONS FED. 

The prices given the different feeds are purely arbitrary, but 
are such as prevail in the vicinity of Madison for the grain and 
hay. The roots, corn fodder, com stover and corn silage are 
charged at about what it would cost to produce them. These 
prices were adopted last year for the experiment and were con- 
tinued this year for comparison ; 
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Hay (blnB graw) It.Wpei 

Oata 15 00 pel 

Bran , H.OOpei 

Boots (BQgar beeta) S. 

Com stOTOt l.BOpei 

Com fodder 8. 

Com ailage l.tOpai 

In estimating the cost per day of the various rations fed the 
different lots of ewes according to the above prie«a for feed- 
EtufF-J we find that the ration of roots, hay and grain fed lot 4 
was the most expensive, costing 1.56 cents per head per day. 
Compared with this the ration fed ewes in lot 2, consisting of 
com silage, com stover, and grain was tie cheapest, costing hut 
.7 of a cent per ewe per day. The ewes in lot 1 receiving a ra- 
tion of com fodder, com stover and grain, cost ahout the same 
as lot 2, viz, : .71 of a cent per ewe per day, while in lot 3 where 
the ration was com silage, hay and grain the cost was 1.07 cents 
per ewe per day. Trom this it would seem that the hay and tlie 
roots were the two most expensive feeds used in this experi- 
ment, notwithstanding the fact that hay is priced at $5,00 per 
ton and the roots at $3.00 per ton, which is a low valuation on 
these feeds. It may be that the amount of oorn fodder and 
com silage refused by lots 1, 2 and 3 should be charged against 
them, as the portions refused were the coarse stalks that would 
never be eaten under ordinary circumstances, while all of the 
roots and practically all of the hay was consumed by lots 3 
and 4. 

A study of the tables given will show that the ewes in lot 1 
refused 489,5 pounds of the com fodder, while those in lot 2 
refused 195.75 pounds of com ailage and those in lot 3 refused 
114 poun<k of the silage fed them. If these amounts be charged 
against the various lots it will be foimd that the ration fed lot 1 
would cost for each ewe daily .78 of a cent, the ration for each 
TOuld cost .72 of a cent per day, and for lot 3, 1.08 
' per day. . 

GAIN AND WEIGHT OF EWES. 

laturally be expected that ewes in lamb would ii- 
hat in weight during the twelve weeks immediateily 
iii- lambing period. The individual ewes in all the 



)vGoo^lc 



Agbicultueal Expeeimbnt Station. 



19 



lota were ■weighed at tlie b^inniiig and the close, and at inter- 
vala of two weeks during the experiment. In lots 1 and 4 the 
ewes made constant gains throughout the whole twelve weeks, 
while in lot 2 most of the ewes lost steadily in weight during 
the first eight weeks of the experiment, after which the amount 
of com silage was increased one-half pound per head daily, 
when they steadily increased in live weight. The average gain 
of each ewe during the twelve weeks of the esperimnt was 10.5 
pounds, or approximately one pound each per week. 

Tables showing the. amount of the different kinds of feed eaten and 
the amount of gain made by the eviea in each lot. 





J^J.-n 


we,. Cut 


•orn fodder 


«ndu< cor 


mtcver.bronandoat. 






Oraio. 

OBMBDd 


Cut Cohn Foddee. 


Uncut 


WBight. 




OiTen. 


Refused. 


Eatan. 


total 






Lbs. 


Lbs. 


Lbg. 


Lbs 


Lba. 


Lba. 






1 

■ 42 

42 

43 
42 


68 
68 
88 

as 

i 


42 

1' 

41 


11 

W3.5 

i 


III 

123 2 

154 

151 




























ss 










































Total feed and guia 


501 


2,016 


489.5 


1,529. S 


1.963,2 


140 


Cos 




13,85 




t■^s 


e.2» 


$1.35 


17,9-i 









Lot II.- 


tewe,. Cor»,ime.t. 


ncutcorn 


tover, bran 


and oal.. 




Datb, 


Grata, 
bran and 


COBN SiLAGB. 


Uncut 


Weight. 


ai>eD. 


Refused. 


Eaton. 








Lb9. 


Lbs. 


Lbe. 


Lbs. 


Lbs. 


Lbs. 






it 

1 

1 


i 
1 

294 

IS 


1. 

n.25 

if 

Ifl' 

Si 


If 

2,»90.a5 


Via. 2 

•i% 

23.2 
S4 

151 








































K 


I;i;;;;;:;; 


-is 


























Total teed and gain 


504 ■ 


3,189 


IBS. 75 


1,663.3 


S3 


Cos 




$3-85 




t.is 


$2,21 


»1.2S 
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tt euiei. Com ^lage, hay, b\ 





Grain, 

bran and 


COBN SiLAGB. 


Bine. 

"Sal! 


JKi 




QiTen. 


Refnaed. 


,Eat«n. 


COBt. 




Lbs. 


LbB. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 




i 
1 

1 


i 
i 

2S2 
232 


21,5 
lU 

12.25 
12 a 
10 ■ 

ij" 


230.6 

If 


iBS'- 

11 
1G8 

168 
M8 




















& h-—:. 


37 


























Total teed and gain 


BOl 


3,021 


114 


2,910 


2,0tS 


158 




IS.6S 




S.OSS 


J2.ia 


tJ.Ot 


U0.9S 







tteieea. R00I3. hay, branani 



Date. 


Grain, 
bran acd 


Root 


. (StJOAB Bbbtb.) 


Blue- 


Weight.^ 


Given. 


Refused. 


Eaten. 


total 

coat. 




Lbs. 


Lbs, 


Lbs 


Lbs. 


Lbs. 


Lbs. 




1 

42 

42 

42 


2ii 

1 

252 




1 
1 


i 

2S2 
S52 








































































Total feed and gain 


cot 


3.U24 




3,024 


3,021 










SS.flS 






II.M 


■ 87.58 













BrFECT UPON LAMBS. 

The details of the experiment as to the effect upon length of 
gestation period, vitality and weight of Iambs at birth, milk 
supply of ewes, etc., are given in the following tables. From 
these it will be seen that the average period of gestation of all 
the ewes was 147.7 days and that no particular lot in the ex- 
periment varied appreciably from this period, A comparison 
of the periods of gestation of all the ewes on the experiment 
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that had strong lambs with those that dropped medium or weak 
lambs is more interesting; we find here that the average period 
of gestation of the ewes that dropped weak lambs was 149 days; 
in those ewes that dropped medium lambs the period was 148 
days, while in those that dropped strong and vigorous lambs ■ 
the period was 147 days. 

A glance at the tables will also show that the number of lambs 
produced by the different lots of ewes varied somewhat but not 
as much as the tables would indicate at first sight, as there were 
two ewes in lot 1 and one ewe in lot 2 that failed to produce 
lambs. This leaves the percentage of increase the same in lot 
1, where only ten ewes dropped lambs, as in lot 4 where twelve ' 
ewes dropped lambs, and that the percentage of increase was ap- 
proximately the same in lots 2 and 3 where 11 and 12 ewes, re- 
spectively, were pregnant, but if we compare the percentage of 
increase of lots 2 and 3 with that of lota 1 and 4, we find that 
the lots 2 and 3 receiving the ration containing corn silage, 
have a percentage of increase of 1.52, while lots 1 and 4 that re- 
ceived the rations of com fodder and roots in place of the silage 
have a percentage of increase of 1.77. Be it remembered, how- 
ever, that this is from the standpoint of numbers alone, leaving 
out of consideration the individual vitality and size of the lambs 
in the different lots. When these are considered we find that 
the ten ewes in lot 1 dropped a total of 18 lambs, weighing on 
the average 7.05 pounds each, and that four were bom dead, 
two were very weak at birth, two were of medium strength and 
ten were strong. In lot 2 the eleven ewes dropped 16 lambs, 
with an average weight at birth of 8.82 pounds, and that thir- 
teen of these lambs were strong and three of medium strength 
at birth. The twelve ewes in lot 3 dropped 19 lambs of an aver- 
age weight at birth of 7.98 pounds, and of this number 11 were 
strong, six of medium strength and two were. weak. In lot 4 
the twelve ewes dropped 21 lambs, with an average weight at 
birth of 7.51 pounds, and of this number 13 were strong, 4 
were of medium strength, and 4 weak at birth. In this lot 
there were three lambs that were badly affected with goitre, 
an enlargement of the thyroid glands in the throat. 
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Tables giving the effects of different rations on the production oj 
lambs. 

Lot I.— Cutcnra fodder, coro storer, bran and oats. 



of' 


B„..„. 


Period of 
gestanon, 


MUk sDpplj 

o( ewe at 
parturition. 


Weight and 


weight 


Strangtli of 
bTrtb. 


41 


3d cross Shrop-Hertno. 


147 

Ba^i 
Ba|a, 


Vers poor.. 

te::::;:: 


10.7 

e,s— S.4-S 

10.1-10 8 


10.7 

11! 

Vl'.i 


f-aa;. 


B 




strong. 


s 


Spjs;:;;:: 


StroDK. 



erase trelstat of Iambi lii this lot ts 1 .OS Iba. 



Lot U.— Com silage, com fodder, bran aodoats. 



No, 


.Breeding. 


Period of 
gest^a^^on, 


parturition. 


Number an 
veight of 
lambs. 


vS 


§;:J:KSS!S;::::; 


IS 

Barren. 

4a 

t5 


Good 

Fair 

Fnir..v.:::: 

Poor 

EmE 


9* 








im 







Medium 



welKht of lambs lu this Int 1 



Lot III.— Com siiege, hay, brauaadoi 



0° 


Breeding. 


Period of 

gesiaiiun, 

days. 


Milk^sapplj 
parturition 


lambs. 


Total 
weight 


Strength of 




Grade Shilf^sb ire 

Meri^' '^''""^""""'' 


• 1 

116 


Good 

gS;S::::::: 

Very good,. 
Very good.. 

aood'.'.'. '.'.'.'. 


8.1—9 2 
7,3-ti;» 

7.9—7 


il! 


W^*' 


).^^ 


tirade Shropshire 


Strong, • 

M'^i'ifm. 1 
StroDg. 




rj=!.'J?.K''"r.: 


tl^^l: 


ise; 


2dc™BDo™t. """!'.. 





velf ht of lAmbs la tl 
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Lot IV.— Roots, hay, >rau and oats. 



a; 

or Breeding. 


Period of 


MUk^Bupply 
Itarturitioo. 


Numbet and 
weight ot 
lambs. 


weigbt 


StreiiKth ot 


« ""SSl'.'Z,''"'"''- 


50 

1 


'B:-:E 

(Jftod 

Poor'/.!!:!* 


97 


It 


8 
6 


Weak. 


^ SiS-.: ::::;;::.::; 




1.12S UradB Dorset... 

13S2 1st cross Shrop-Uerino. 

im ^^%b'' u'i"" 


Strong. 
MXm. 


S^^-E 


Weak. 



Averace weight of lamb! In tbUi lot !■ T.S lbs. 



8DMMABT. 



1. From thia experiment it would seem that com fodder, 
com stover and 1-2 pound of equal parts bran and oats per ewe 
per day for 12 weeks before lambing was a satisfactory food bo 
far as the physical condition of the ewes was concerned until 
lambing period arrived, when there was a marked deficiency in 
the milk secretion as compared with the ewes in the other lots. 
We further find that the lambs by the ewes fed these feeds were 
smaller in size and a larger proportion of weak and dead ones 
at birth than in the other lota. 

2. Com stover and corn silage with 1-2 pound per ewe daily 
of bran and oats was found to be a most satisfactory-ration in 
every respect for breeding ewea bearing lambs. The ewes were 
healthy, a good supply of milk in their udders at lambing time, 
and the lambs were of good size, strong and vigorous at birth. 

3. A ration composed of corn silage, hay, and the grain mix- 
ture was equally as satisfactory in every way aa the ration com- 
posed of com stover and com silage. 

4. A ration of roots and hay with the grain mixture was not 
as satisfactory aa the rations containing com silage, but gave 
better results than the ration of com stover and com silage. 
Many of the ewes did not have a satisfactory milk supply at 
lambing time and a number of the lambs were weak and goit- 
ered. 
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5. With conditions as given in this experiment we find the 

rations of com fodder, com stover, and com silage to be the 
cheapest and the ration containing roots and hay the most ex- 
pensive ration fed. Where the roots and hay vcere combined in 
the same ration the cost was approximately double that ■where 
the ewes were fed on silage and com fodder or com stover and 
com fodder. 

6, From this experiment and the one reported last year (see 
page 28, 17th Annual Report) we conclude that com silage is 
one of the cheapest and most satisfactory foods for breeding 
ewes in winter and that a ration, the roughage of which is com- 
posed entirely of com fodder, is not entirely satisfactory under 
same conditions. 
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EXPERIMENTS IN PIG FEEDING. 



I. Effect of Feeding Varions Grain Bations to Growinif and 
. Fattening Hogs. 

W. L. CARLYl^ AND T. P. McCONNELL. 

The fourth, fifth, sixth, and the seventeenth Annual Reports 
of this Station present results of a number of experiments bear^ 
ing on the comparative effect produced on the carcasses, bones, . 
and viscera of growing and fattening hogs when fed various 
grain rations. The experiments here reported are a continua- 
tion of this work on the same general plan of those preceding 
'them. 

PLAN OF EXPEEIMENT. 

Ten pigs were chosen for the first experiment. These pigs 
were from four spring litters and represented four breeds, viz. : 
two were Eertsbires, two Poland-Chinas, two Yorkshires and 
four were Cross-bred Eazor-baok Poland-Chinas. The Berk- 
shires and Poland-Chinas fairly represented these well known 
breeds of swine. The Yorkshires were bred from stock im- 
ported from Canada of English breeding, representing the class 
of hogs so much used in Canada, England, and Denmark for 
the production of choice bacon. Tlie Kazor-back Poland- 
China cT'osses were got by a boar of the type generally known in 
the southern states as "Razor-back," this particular animal 
having been captured nmning wild in the woods with a herd of 
his kind in Indian Territory. He was bred to a fine-boned, 
short-bodied Poland-China sow, producing the above mentioned 
pigs. The accompanying cuts show photos of pigs taken just 
before slaughtering, selected as fairly representing the above 
mentioned breeds and crosses. 
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Fio.l.— Represents the tjpe ol Poland China pigs li 



Fio. 2.— Represents the type at Berkabire pigs la tbeae exi^etlmetiU. 
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The age, record, ntmiber, breeding, sex, and initial weight 
of each one of the pigs on the experiment is given in Table 
No, 1. The pigs were divided into two lots as nearly equal in 
every way as possible, there being one Berkshire, one Poland- 
China, one Yorkshire and two Cross-bred pigs in each lot, se- 
lected in such a manner as to have an equal number of pigs 
from each litter in each of the lots. Pens with clay floors 12 
feet square were provided for each lot in a comfortable house 
and each lot was also allowed the run of a small yard outside 
in which to get exercise. In these yards they were furnished 
a plentiful supply of coal ashes at all times, also having 
access to salt at will. 



Table No. I. — Data concerning pigs at the beginning of the experi- 

Loll.— Com meal and rye. 
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Each . pig was fed separately by sub-dividing the feeding 
pens into small compartments, where they received a weighed 
allowance of feed three times daily. Careful records were kept 
of the amount of feed eaten and the gains made by each pig on 
the experiment, the pigs being weighed on a certain day in every 
week. 



THE KATIONS FED. 



The five pigs in lot 1 were fed a ration composed of equal 
parts of com and rye, both grains being finely ground before 
feeding. The pigs in lot 2 were fed a ration of one-third peas 
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finely ground and two-thirda wheat shorts. The different grain 
mixtures were weighed out to each pig at each feeding time 
and only as mnch given as would be eaten readily. Water in 
eufficient quantities to make a thin slop was added to each feed 
just before placing it in tbe troughs. 

Tablb No. II.~ Shouiinff amount of feed eaten, initial weightg, 
and gains in two-week periods. 
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Lot II.— Peas and sborta. 
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OOMPAEISON OF THE EFFECTS OF EATIONS FED GIT BATE OF GAIN. 

Table No. II given above shows the initial weight, the 
amouDt of grain eaten, and the gain made by each pig in two 
week periods during the experiment; also the final weights and 
the total gain of each pig and lot and the total amonnt of each 
kind of grain eaten. A study of these tables reveals a number 
of points that are of interest. It will be seen that there was a 
wide variation in the amounts of food consumed by the differ- 
ent pigs in both of the lots. It will also he noticed that the 
pigs in lot I, fed com jind rye, ate more feed daily than did the 
pigs in lot II getting -peas and shorts, and that the gains were 
not only greater but also much more uniform and regular. 

The pigs in both lots made the most rapid gains during the 
first weeks of the experiment, this being especially true of the 
lot fed peas and shorts, though there was a marked tendency to 
drop off in weekly gains in both lots as the experiment neared , 
ita close. The primary object of this experiment was not so 
much a comparison of the relative feeding values of the dif- 
ferent rations fed as it was to note their effect on the carcass 
and internal organs of the hogs, yet in Table No. Ill a sum- 
mary of the results of the experiment is given comparing the 
feeding values of the two rations which, while not conclusive, 
may be taken for what it is worth. 
Table No. III.^ Sujnmary of feed eaten and gain made by pig». 



IB amoont of grain Batan per pig pec day 

(e gainof QBch pig per day 

[S gala per pig tor 84 Aw/a 

^HmODDt ot reed tor iOOlbe. gala 

It of digestible protein in 100 Iba, of feed 

It of digestible carbohydrates in lOO lbs. of teed . . . , 

It of digestible fat in 1(D lbs. of teed 

It of digestible ptotein tor lODlba. of gain 

It ot digestible earbobydratoa for 100 Iba. ol gain. ., 
it of digegtible fat for 100 lbs. of gain 
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From tliia it will be seen that the pigs in lot I, receiving com 
and rye, ate over one-haK pound of feed and gained over one- 
third of ft pound in live weight per pig per day more than did the 
pigs in lot 2 getting peas and shorts. That is to say, the lot get- 
ting com and rye for food ate on the average 13.3 per cent, 
more food daily than did the pigs getting peas and shorts and 
gained 54.8 per cent, on the average more in live weight daily. 
While therefore it will be readily seen that the corn and rye 
fed lot ate more, they gave a much greater proportionate gain 
in live weight and consequently returned a much greater profit 
for food consumed. Attention is called to the great difference 
in tip amounts of protein, carbohydrates, and fat in the rations 
fed the two lots, also to the nutritive ratios. It will he noticed 
that in the case of lot 1 the ratio of protein to carbohydrates 
is just double the ratio of these substances in the feeds fed lotll. 
Judging entirely from the results of this experiment it would 
appear that a feed containing a proportionately large amount 
of carbohydrates to protein was not only much more profitable, 
since the element of protein is the expensive one in all feeds, but 
that the feed containing a large proportion of carbohydrates and 
a small amount of protein waa actually worth more pound for 
pound where rapid gains are desired in fattening pigs. If, 
however, a comparison be made between the nutritive ratios of 
the rations fed these two lots of pigs and the nutritive ratios of 
the German feeding standards for fattening hogs of this age and 
weight, it will be seen that the nutritive ratio is as much too 
wide in one case as it is too narrow in the other; or, in other 
words, the com and rye ration e<"iitained as much too great a 
proportion of carbohydrates and tat to the protein content as the 
ration of peas and shorts did too little. The German standards 
give the nutritive ratio for pigs of this age and weight as con- 
taining 1 part protein to about 6 parts carbohydrates and fat, 
while in the case of these rations it was 1 :8.2 in the corn and 
rye ration and 1:4.1 in the ration of peas and shorts. Atten- 
tion will be called to this phase of this experiment in the dis- 
cussion of the results of another, a report of which is given in 
the following pages. 
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A STUDY Off THE CABCASSES AND INT!eBNAL OBOANS. 

The slaughter tests, etc., were conducted on practically the 
same lines as were de,scribed in the Seventeenth Annual Report, 
pp. 19. In studying the findings of the block tests, as given in 
the accompanying tables, Nos. IV and V, we notice quite a 
marked difFerence in favor of the lot fed corn and rye in the per- 
centage of dressed meat to live weight. This fact would seem a 
point in favor of com and rye as a ration for feeding hogs, es- 
pecially when viewed from the standpoint of the packer. When, 
however, a little further study of the table discloses the fact that 
this increased petcentage of dressed meat to live weight is the 
outcome of a proportionately smaller percentage of blood and 
heart, kidneys, liver, spleen, stomach, intestines, and other inter- 
nal organs that have to do with the vital functions of the animal 
it may be that this increased percentage of dressed meat has 
been secured at the expense of the vitalizing forces of the ani- 
mal, leaving it impoverished in those respects to a degree that 
may go far to explain the great prevalence of hog cholera and 
other diseases that are so common and so extremely fatal in 
those sections where the hogs are fed mainly com. 

One of the peculiarities to he noted in a study of these re- 
sults is the slight difference between the thickness of outside fat 
on the carcasses of the bogs from the two lots when viewed from 
the standpoint of the number of inches to 100 pounds of dressed 
weight, while the difference in actual thickness of the fat 
on the carcasses from the two lots is quite pronounced. It 
would, seem that it was quite important to notice this point since 
the average thickness of fat on the outside of the carcasses of 
one lot was 2.05 inches and of the other lot 1.6 inches, yet the 
proportional amount of outside fat to (Jressed carcass was very 
little greater in one lot than in the other. The photographs of 
each of the carcasses of tJie hogs on this experiment as they ap- 
pear in the following pages show a marked contrast in the 
amount of lean meat or muscle in pigs fed the peas and shorts 
ration when compai-ed with their litter brothers fed corn 
and rye. Attention is especially called to the comparative de- 
velopment in each one of the carcasses of the large muscle lying 
on each side of tlie spinal column. 
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n pair of crossbred Razor-back Poltmd-OilnB 
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Table No. V, — Amount of blood, liver, gpleen, etc., for each 100 Iba. weight 
of carcaaa. 
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A test of the strength of the bones and tendons of each of the 
pigs on the experiment was also undertaken. This was deemed 
important, inasmuch as many of the fat hogs marketed yearly 
in the United States, especially when shipped long distances, 
are very subject to broken bones and a crippled condition of the 
hind limbs. The thigh bones of each of the pigs were dissected 
out, and while yet fresh were subjected to a breaking test in a 
machine in the University Engineering building constructed 
for the purpose of testing the breaking strength of materials. 
In this machine the thigh bone was laid flat on two rounded iron 
edges placed four inches apart, the lower structure representing 
a common scale with a beam and weights. A third rounded iron 
edge powerfully controlled by a screw was lowered gradually 
onto the bone midway between the lower two edges, when by 
forcibly lowering the upper edge the bone was brokffli, the 
amount of pressure required being meanwhile indicated on the 
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scale beam. The same machiue was used to teat the breaking 
down strength of the pasterns, the rear leg of the hog from the 
hock down was placed in a natural upright position in tie ma- 
chine and by bringing pressure upon it the amount required to 
break down the pastern joint was determined. The results of 
these tests are given in tables Nos. IV and V, where the 
actual average breaking strength of the two thigh bones an^ the 
pasterns of each pig on the experiment are given. From these 
results it will be seen that while the actual average breaking 
strength of the thigh bones in lot 1, fed com and rye, was 
greater than the average breaking strength of the thigh bones in 
lot 2, fed peas and shorts, the proportional breaking strength to 
100 pounds of dressed weight is 12.7 per cent, greater in the 
lot fed peas and shorts. A like result will be noticed in the 
comparison of the averages of breaking down strength of the 
pasterns of the two lots except that the proportionate strength 
of the lot fed peas and shorts is greater in breaking do\7n 
strength of pasterns than in the thigh bones, in this case it being 
15.7 greater than in the lot fed com and rj^e. 



Tablr No. Vt.— Tabln comparing the diffcreiil breed». 
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Grouping the results as shown in table Wo. 6 we have a com- 
parison of the results of the feeding qualities and the slaughter 
test of each breed of hogs represented on the experiment. In 
justice to tile Yorkshires it must be said that pig No. Ill of 
this breed did not thrive well during the latter part of the ex- 
periment, the data concerning it being omitted from the results 
after observing that it was not eating or gaining as well as others 
on tITfe experiment. 



n. The Results of a Feeding Trial to Determine the Comparative 

Dffect of Feeding Figs Rations of Corn Heal and of 

Ground Peas. 

W. L. CARLYLB. 

The experiment here reported is a duplicate in many respects 
of the one which preceded it, the results of which have been 
given in the foregoing pages. Our purpose is to carry on a 
series of these feeding trials with pigs for a term of years, the 
object being to compare the effect of feeding the various. farm 
grains on the growth, nature and development of the carcass 
and the internal organs of pigs, and incidentally gather as mUeh 
information as possible concerning the money value of these 
different kinds of grains for pork production. 

The purpose in reporting these experiments from time to 
time in the Annual Report of the Station is to call attention to 
the various facts as the work, progresses without drawing any 
deiinite conclusions until sufficient data have been accumulated 
to warrant them. Very much credit is due tlie herdsman, Geo, 
D. Little, for the careful and painstaking manner in' which he 
has co-operated with us in carrying on the experiments, 

PLAN OF EXPEEIMENT. 

It was deemed best to confine the rations fed each lot to a 
single kind of grain since deductions as to the value and effect 
of each grain fed would be much more positive under these con- 
ditions than where two or more kinds were fed in combination. 
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Eventaally it may be best to compare the effect of feeding vari- 

oue combinations of grains as it would be reasonable to expect 
that no one kind would give as good results as would a combina- 
. tion of several, especially as the animals chosen for the work are 
young, growing pigs. 

In selecting the pigs for this experiment four fall litters were 
available. These were a litter of Yorkshires, one of Kaaor-backs 
-and one each of cross-bred Razor-back Berkshire and Cross- 
,bred Kazor-hack Poland-China pigs. The animals selected were 
:all thrifty and had all received the same kind of feed and the 
eame care from birth until the beginning of the experiment 
The pens, feedjng-stalls and other conditions of the experiment 
were the same as described in the experiment preceding this. 
Ten pigs were selected and divided into two lota as nearly equal 
in every way as possible, care being taken to have all the litters 
represented by the same number of pigs in each lot. The ac- 
companying table, No, I, gives full details of data concerning 
pigs and their breeding at the beginning of the experiment. 

Table I,— Data concerning pigs at the heginmng of the experiment 
January 5, 1901. 
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The Razor-backs were bred from a pair of pigs captured run- 
ning wild in Indian Territory, and procured by the station for 
the purpose of investigating the powers of digestion, strength 
of hone, development of internal organs, vitality and ability to 
vFard ofE disease of these native hogs, compared with the im- 
proved breeds of awine kept at the Station. They were chosen 
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for this experiment for the reason that it offered an opportunity 
to compare these animals with other piga of the same age, po&- 

seasing varying amounts of the blood of the improved breeds. 

RESULTS OF THE ESPEKIMENT. 

A study of table No. I reveals a vast amount of interesting 
data concerning the feeding and gains made by the individual 
pigs on the experiment. It is not our purpose to elaborate com- 
parisons of the feeding powers of the different piga at this time, 
the data being published for the reason that it has a hearing on 
the results of the primary object of the experiment, which is a 
comparison of the effect of the two kinds of grain fed upon the 
carcasses of the pigs, and for the further reason that it preaerves 
the data in our report in such a condition that it may be readily 
drawn upon and referred to in future work with these Razor-back 
pigs and their crosses. • It will be seen from this table that the 
two Yorkshires and the cross-bred Kazor-back Poland-China 
pigs were taken from the feeding experiment and slaughtered six 
weeks earlier than the Eazor-backs and the cross-bred Kazor- 
back Berkshires. This was done for the reason that it was con- 
sidered important to have the animals as nearly as possible of the 
same live weight and the same stage of maturity when they were 
slaughtered so that more accurate comparisons could be made of 
the development of the internal organs, strength of bone, etc., of 
all the pigs on the experiment. 

Attention is called to the varying amounts of feed eaten by 
the individual pigs of both lots in the different two-week periods 
and the resultant gains. No good and sufficient reastai can be 
assignedfotthe apparent stagnation in growth to which all of the 
pigs were subject from time to time. The two Yorkshire pigs, 
the cross-bred Eazor-back Poland-China No. 218 and the Razor- 
back No. 224 made the most constant gains throughout the ex- 
periment and of these the Yorkshire No. 248 and the cross-bred 
No. 218 were the most constant, and it will be noticed further on 
that they made remarkably cheap gains. The pigs in lot T as a 
whole ate 3,239 pounds of peas and gained Y15 pounds in live 
weight during the experiment, while lot II with the same num- 
ber of pigs and for the same length of time consumed 2,984 
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pounds of com and gained 588 pounds in live Weight, The pigH 
in lot I therefore ate 345 pounds more grain than did those in 
lot II (ind gained 127 pounds more in live weight. These re- 
sults would seem to indicate that pigs fed peas, while not eating 
so heavily of their feed in the beginning of this experiment as 
did their brothers fed on the com ration, yet ate considerably 
more towards the close of the experiment, which would seem to 
indicate that peas are a more palatable and complete food than 
com when fed to pigs for a period of from ten to twenty-five 
weeks. 

Table No. HI. — Summary of feed eaten and gain made by pig-t . 
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Table No. Ill gives a summary of feed eaten and gains made 
by the pigs together with much data concerning the feed of the 
two lots. From this it will be seen that the pigs fed on peas ate 
3,36 lbs. per head daily and gained .75 of a pound in live 
weight, while the pigs fed com ate 3.07 lbs. per head daily and 
gained .63 of a pound. In this experiment therefore it required 
4.52 lbs, of peas to produce one pound of live weight gain on a 
lot of growing pigs of mixed breeding, while it required 4.91 
lbs. of com to produce one pound of live weight gain on the 
same kind of pigs. It is evident therefore that pound for pound 
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peas are more valuable for pork production than com but when 
the market price and the cost of production of the two kinds of 
grain are considered com is evidently much the cheaper feed. 
The prices adopted for the two kinds of grain used were ninety 
cents per bushel for peas and forty-five for corn, the prevailing 
market prices for these grains in Wisconsin. While market- 
able peas for table purposes may never be low enough in price 
to render them very profitable as a feed for hogs in Wisconsin, 
yet in those districts where peas are grown extensively there 
is frequently large quantities that are not suitable- for table use. 
Under such conditions it would seem that they might be utilized 
very advantageously in feeding hogs inasmuch as we shall see 
later that the quality of the pork from hogs fed peas is particu- 
larly fine on account of the large proportion of lean meat pro- 
duced. 

In discussing another experiment in this report, page 32, at- 
tention is called to the nutritive ratios of the two rations fed. In 
that experiment the ration containing a much larger proportion, 
of carbhydrates to protein, than is called for in any of the feed- 
ing standards given by investigators on this phase of the feeding 
subject, gave much better results than the other ration fed in 
comparison. The latter contained a much smaller proportion 
of carbhydrates to protein than the standards demanded. In 
fact the nutritive ratio in one ration was just double what it 
was in the other. 

In the experiment now under consideration it will be seen that 
the nutritive ratio of the com ration was over three times as 
wide as was the ratio in the ration of p.ea3 fed and yet the lot 
of pigs fed peas gave much better results than the lot fed corn. 
These results, when viewed from the standpoint of the chemical 
analyses of the foods, are, to say the least, very contradictory 
and surprising. It is evident that a great amount of care- 
fully collected data must he forthcoming on this phase of 
the feeding problem before any definite conclusions can be 
drawn. It would seem from the results of these two experi- 
ments that the protein and carbhydrates in shorts and rye 
have a different feeding value for pigs than the same substances 
in poas and corn. Accepting the German feeding standards as 

i:q,t,7c-rib;G00l^lC 
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correct, the rations made ap of com and rye and peas and ahortB 
should have given better results than those composed entirely of 
com and of peas, yet the opposite ia the case, the latter rations 
giving the best result in both instances, 

FINDINaS OF THE SLAUOHTEB TBBTB. 

A comparison of the results of the slaughtei- tests, which gives 
the amount of blood, weight of the various internal organs, ca- 
pacity of the stomach, etc., of the pigs in the two lota, confirms 
the observations made in the previoiis experiment, the compari- 
sons being rendered much more striking by confining the rations 
fed to peas alone in lot I and to com alone in lot II. Owing to 
the fact diat an equal number of the piga from each lot were ma- 
tured to the stage at which we wished to slaughter them some 
weeks earlier than the others, it was decided to proceed with the 
slaughter testa with those that were mature, leaving the others 
to continue on the feeding experiment until they reached the 
degree of maturity desired. This was considered important 
since better comparisons could be made in every case with piga 
approximating the same weight. At the same time the lessened 
period of feeding before maturity in the case of some of the piga 
would tend to reduce the cost of 100 Iga. gain, while of the other 
pigs that were fed for a longer period it would tend to increase 
this cost 

From the data secured in the slaughter tests, as given in tables 
Noa. IV and V, it will be seen that there was a very marked in- 
crease in the development of the internal organs of the pigs f^ 
peas as compared with those fed com, this development extend- 
ing throughout the entire carcass, the only exception being in the 
comparative thickness of the outside fat. The accompanying 
photflB of the carcasses of the two lots are presented for compari- 
son showing the proportion of le...i and fat meat in the various 
parts of the carcass. 

Attention is called especially to the greater devlopment of the 
stomach and intestines of the lot fed peas. The average capacitf 
of the stomachs of this lot of pigs as determined by emptying 
them of their natural contents and estimating the capacity of 
each by the number of pounds of water they would contain, vu 
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. Fic. 14. — SbowlDg 



I. — SbowlDg carcasses ot a pair of Razor-back Berkablre piss : No. 6 fed 
I, No. t Has. Note tbe greater length ot body Id tbe plgs.fed peas, «lw 
great difference In the proportion ol lean meat to UU a* •boira ti^tli* ■ 
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__.__. ;8 of a pair of Raior-back ptga. No. 1 fed rj 

2 fed peas. Note that the posttlona of the cross sections have been nvamd 
In pbotograplilng. The cora-fed aectloD appears on the rlght.^ 
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FiO' U.— Sbowing eaTca««eK of a pair <it Yorksbire pls», ICd. 1 fed corn, No. S 

fed peai. 
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Fia. IT.— Showing eflre«BBea of a pair o( Kfticn'-*acJ( Foland-Cblnt plw. Mo. 8 
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found to be 9.04 lbs., wbile the average capacity of the stomachs 
of the p3^ fed com was 8.72 lbs. The average length of the . 
small intestines of the lot fed peas was 649.2 inches, as against 
an average length in the lot fed com of 577.2 inches, From 
these facts we would expect the lot fed ^as to have better di- 
gestive and assimulative powers. It is noteworthy that, daring 
the progress of the experiment, the pigs fed peas drank much 
more water than did those fed corn. 

Attention is also called to the marked difference in the 
strength of bones and of tendons in the two lots. The average 
breaking strength of the thigh bones in the lot fed peaa being 
861.S lbs., as compared with 679.2 lbs. in the lot fed corn, this 
difference being maintained, though in a lessened degree, when 
figured from tl^p standpoint of 100 lbs. dressed weight of car- 
cass, as seen in table No. V. 
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A comparison of the different breeds and crosses represented 
in tliis experiment ia given in table No. VI. The Kazor-back 
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SCMUABY OF BESULTS OF THESE BXFEBILIENTS. 

The results of the two experiments reported in preceding pa- 
pers would aeem to warrant the following conclusions : 

1. That feeds given growing pigs exercise a marked influence 
on the proportion of fat to lean meat in the carcass ; also may 
materially aSect the development of the various internal oi^ans 
and the breaking strength of the bones and tendons. 

2. That a ration of peas and shorts give a larger proportion of 
lean meat, firmer flesh, stronger bone and more blood in a group 
of growing pigs than a ration of com and rye. 

3. That a ration of peas, when compared with a ration of 
com, gave more marked results in these respects than did the 
ration of peas and shorts when compared with com and rye. 

4. That rations of corn and com and rye when fed to growing 
pigs tended to retard the development of their internal organs 
and to increase the proportion of fat meat. 

5. That the thigh bonea of pigs fed upon peas were on the av- 
erage 26.9 per cent, stronger than the thigh bones of pigs of the 
same age and breeding fed upon com. 

6. That at the prevailing market prices for the grains in the 
rations fed, com has proved to be a much cheaper feed for hogs 
than peas. Owing to the observed tendency to a lessened develop- 
ment of the internal organs and a reduction in the comparative 
strength of bonea in com fed hogs it is still an open question if, 
in the case of breeding stock, it would not be advisable to feed a 
much more expensive ration than corn and build up thereby a 
stronger vitality in the animal. 
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m. The Feeding Valae of Rape for Swine. 

W. L. CAHLYLE. 

In the 14th Annual Report of this station, published in 1897, 
J. A. Craig reported the results of two feeding trials with pigs, 
the object of the experimeuts being to determine the feeding 
value of rape for swine. 

The first trial was b^un with twenty pigs about eight months 
old. They were divided into two lota of ten each, lot I to have 
rape pasture in connection with grain feed composed of two 
parts com and one part shorts ; and lot II to receive the grain 
only. The plan was to keep both lots of equal weight as it 
was thought that this was the best way of arriving at the feeding 
value of the rape plant. The experiment was completed in 
seventy-six days. A summary of the results are given in the 
accompanying table, from which it will be seen that lot I ate the 
rape from ^Imost one-third of an acre and required 710 lbs. less 
of com and 352 lbs. less of shorts than lot II receiving no rape. 
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The gains made in the two lots were about qual in both cases. 
The area of rape eaten was therefore equivalent to 1,062 ll«. of 
grain, or one acre of rape pastured under these conditions would 
result in a saving of 3,318 lbs of grain. 



SECOND FEEDINQ TEIAL. 



The second feeding trial, also reported in the 14th Annual 
Report, was conducted in 1896. In this 38 pigs were used, the 
plan of the experim^it being the same as in the first trial. The 
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accompanying table gives the results. This trial was not bo 
favorable for the rape, but it will be seen that the feeding of a 
little over one-half acreof rape resulted in a saving of 886.2 lbs. 
of corn and Hi lbs. of shorts, a total of 1,330.3 lbs. of grain. 
An acre of rape in this case, therefore, was equal to 2,217 lbs of 
grain. 



Tablb No. 2.— Second Mat. 
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THIED FEEDING TEIAL, 

The third feeding trial was reported by the writer in the 15th 
Annual Eeport of the Station, The object of this trial was to 
test the comparative value of rape vs. clover pasture for young 
growing pigs. Forty pigs were selected for this experiment and 
were divided into two lots as nearly equal in every way as possi- 
ble. The pigs were between five and six months old at the be- 
ginning of the experiment. The grain feed given was the same 
in character and amount to both lots and consisted of two-thirds 
commeal and one-third shorts. The pigs in lot I were pastured 
on a small area of rape by means of a movable fence, a fresh 
portion being given them as they required it. The pigs in lot II 
had the run of a ten-acre field of second growth clover, one-half 
of the field having been mowed in August. The pigs were given 
the same care and management in all particulars and with re- 
sults as shown in the accompanying table. 
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The results of this trial indicated that rape was to be pr 
to clover as a pasture for growing pigs since the aver 
creasetl gain of the 19 pigs on rape over the 19 on eloi 
five and one-third lbs, for each pig in a period of nine 
or a trifle over one-half lb. per pig per week. 

In the table giving a summorj of the results of thia 
ment, it will be noticed that it required 439 Iba. of grain 
duce 100 lbs. of live weight gain in the lot of pif> j on the 
pasture, while it required but 391 lbs. to produce 100 
gain in the lot fed rape. A difference of 48 lbs, of feet 
for every 100 lbs. of gain in favor of the lot fed rape. 



Initial weight of ptgg 

Final weight of pigs 

(Drain eaten, H Bborta. % commeal 

Total gain made 

Amount ot grain torlOOIba, gain 

Aieragegain of each pig daring experiment 

Average dallx gain per pig 

ATerage daily gain in flrat four weeks 

Average dailf gain in last four weeks ....... 
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iTODRTH PBBDINQ TttlAL. ^ 

The fourth feeding trial was conducted by the writer and re- 
ported in the sixteenth annual report. This trial was very sim- 
ilar in every way to the one which preceded it. Fort) -two pigs 
were selected, 21 in each of two lota. The clover and rape on 
which the pigs were fed in this trial was much the same as in the 
preceding. The grain consisted of one-third shorts and two- 
thirds com meal. 

The accompanying table gives a summary of the results of this 
trial. From this it will be seen that the 21 pigs on rape gained 
37 lbs. more in eight weeks than did the same number of pigs 
pasturing on clover, both eating the same amount of grain mean- 
while. The gains made by all the pigs in this trial were very 
satisfactory, the average daily gain per pig of the lot on rape 
being 1.27 lbs. and of the lot on clover 1.22 lbs. During the 
eight weeks of this trial the pigs in lot I ate the rape from ap- 
proximately three-fourths of an acre of land. While this experi- 
ment did not give results so much in favor of the rape over the 
clover as did the preceding one, yet it will be seen that each pig 
on the rape gained an average of 2.7 lbs. inore than the average 
of the lot on clover, during the Jght weeks of the trial. It will 
also be seen that the lot on rape required 332 lbs, of the grain 
mixture to produce 100 lbs. of live weight gain, while the lot on 
clover pasture required 346 lbs. of grain to produce the same 
amount of live weight gain, leaving a difEerence in favor of the 
rape let of 14 lbs. of grain per 100 lbs. live weight gain. 

FIFTH FEEDING TBIAL. '"* 

A short feeding trial of rape alone for growing pigs, averag- 
ing in age about 6J months, was reported by the writer in the 
17th annual report. The experiment was conducted somewhat 
late in the fall when much of the rape was quite mature and 
woody, though some of it, being of second and third growth, 
was green and succulent. Thirty-six pigs that were being pre- 
pared for a winter feeding trial of exclusive grain feeding were 
used in this experinjent. The field of rape consisted of be- 
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tween three and four acres, giving ihe pigs an ample snpgly of 
feed at all times. The trial lasted 14 days, during wbich time 
the piga were fed no grain of any kind and they did not cere 
for any water to drink, though it was supplied them on several 
ocfiasioua. At the heginning of the trial the 36 pigs weighed 
a total of 5,789 pounds, and at Its close a total of 5,729 pounds, 
showing a loss of 60 pounds in live weight for the two weeks 
of the trial. 

The results of this trial would seem to indicate that pigs, as 
young as those used in this trial, will not eat enough of rape 
alone to maintain themselves in their live weight. The loss, 
. however, waa so comparatively small that it might almost he- 
placed within the limit of variation in weighing, or rather in 
the amount of food in the pigs' stomachs at the different times 
of weighing. 

8ISTH FEEDINO TBUL. 

The results of this experiment are here, reported for the first 
time, the trial having heeu conducted in the fall of 1900. The 
object of this experiment being to determine the feeding value of 
a given area of rape for young growing pigs. The object, there- 
fore, was the same as in the first two trials reported by Craig, 
but the plan adopted was slightly different. The pigs chosen 
averaged about four months of age at the beginning of the ex- 
periment, being younger than those in the other experiment, 
and no effort was made to keep both lots the same weight. Each 
lot of pigs were fed all they would eat readily of a ration of 
com meal and shorts, made into a slop with water, immediately 
before feeding. Thirty-four pigs were chosen from a number 
of spring litters, and represented the Poland China, Berkshire 
and Yorkshire breeds, care being taken to have an equal num- 
ber of each breed _in both lots, as well as an equal division in 
every other way. 

The trial began on the 4th day of August, when the rape 
which was supplied lot II was about 20 inches in height Lot 
I was confined in a roomy yard under exactly the same condi- 
tions in every way as those surrounding the pigs in lot II, except 
that they had no green feed of any kind. The pigs in lot II 
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were confined on a small area of the rape by means of a movable 
fence whicli could be changed every few days as the pigs re- 
quired fresh feed. 

TiBLKNo.5.— Showing effect o/ rape when fed to pigs in connection 
with a gram ration. 
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Both lots were supplied liberally with coal ashes at all ti 
which tended greatly to prevent them from rooting the soi 

The tables, presented on another page, give the initial 
final weight of each pig, also the gains of each and the 
feed, weight, and gain of each lot in two-week periods, 
pig from each lot did not thrive well during the trial, an 
there was no great difference in their rate of gain before 
were removed, the data concerning them is included in th 
suits. Attention is called to the fact, as shown by the figur^ 
the last column of the table, that as tho experiment progrf 
the rate of gain rapidly increased in both the lots, the incre 
rate from week to week heing somewhat greater in the lol 
grain alone, 

Tho summary of the results of this trial, as given in table 
present some interesting facts. From this summary it wi 
seen that the lot of pigs on rape not only made a greater 
than the lot on grain alone, but ate more grain in additic 
the rape consumed. During the twelve weeks of experii 
the 17 pigs in lot I ate 278 pounds more feed than the 17 
in lot II, and they gained 217 pounds more in live weight. 
will be noticed that it required 420 pounds of feed to pro 
100 pounds of gain in the lot fed rape and 437 pounds ir 
lot fed grain alone. Since it required 4.2 pounds of grai 
produce one pound of gain, the increased amount of grain e 
by the rape lot over the other during the experiment would 
duce 66 of the 217 pounds of increased gain made by this 
leaving 151 pounds to be credited to the rape eaten. As i 
quired 4.3 pounds grain to produce 1 pound of gain, then 
but reasonable to conclude that it would have required 151 
or 634 pounds as the amount of grain saved by the rape ei 
The area of land from which the rape was -eaten was 15 
square feet, of 5-14 of an acre; consequently one acre of 
in this trial would have resulted in a saving of 1,775 pounc 
grain, worth at the market prices of the grains fed $14.20 



^cibyGoOt^lc 



EiGHTECNTH Annual Report of the 



Table No. 6. — Summarff of reiultg in feeding pigs a grain ration 
with and without rape. 



No, OF Lor. 


Lot I 


• 


JSSi,. 




Lbs 

i,on 

■i,in 
5.642 

i.m 

70 
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2 
89 

08 

78 


Lbs. 


Weight of pigs at close 


2,112. 










ATeraae daily gaiQ of each pig 


















«i;.35 







The results of these feeding trials with rape for pigs would 
seem to warrant the following conclusions : 

3, That with pigs from four to ten months old representing 
the various breeds of swine, an acre of rape, when properly 
grown, has a feeding value, when combined with a ration of com 
and shorts, equivalent to 2,436 pounds of a mixture of these 
grain feeds and a money value of $19.49 per acre. 

2. That rape is a better green feed for growing pigs than good 
clover pasture, the pigs fed upon the rape having made on the 
average 100 pounds of gain on 33.5 pounds less grain than was 
required by the pigs fed upon clover pasture. 

3. That pigs are more thrifty, have hettcr appetites and 
make correspondingly greater gains when supplied with a rape 
pasture in conjunction with their grain feed than wh^i fed on 
grain alone. 

4. That a plat of Dwarf Essex forage rape when planted in 
drills 30 inches apart, early in May in Wisconsin, will yield 
three good crops of pasture forage in a favorable season- 
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5. That rape ia the most satisfactory and cheapest green feed 
for swine that we have fed. 

6, That every feeder of hogs in Wisconsin should p 
spring a small field of rape adjoining his hog yard, an' 
himself with a few rods of movable fence, to properlj 
rape to brood sows and young pigs. 

1 7. That rape should be sown for this purpose in 
inches apart to facilitate the stirring of the ground an' 
tion after each successive growth has been eaten off. 

8. That hogs should not he turned upon a rape past 
the plants are at least 13 to 14 inches high and that thi 
be prevented from rooting while in the rape field. 

9. That rape is not a satisfactory feed when fed alo 
it is desired ta have any live weight gain' made in hog 
it has been found that they will just about maintain tl 
without loss of weight on this feed alone. 



17. The Food Sequirements of the Fijf for Haintenance i 

F. D. TAYLOR.* 

The purposes of the experiment was to ascertain, if 
the amount of food required to maintain the pig at 
periods of growth ; also the food required to produce a 
crease in weight, and incidentally to compare the hi 
pig with the Razor-back. 

PLAN OF THE EXPEEIMENT, 

Four barrows were chosen. Two were high-grac 
shires from the same litter; the other two were tBe re 
cross between an Indian-Territory Kazor-back boar am 
bred Berkshire sow. The average weight of the pigs at t 

•Thesis submitted for the degree of Bachelor of Sc 
Agriculture, University of "Wisconsin, 1901. Abatrated by W. 
A report of worlc In the same line done by William Dietrich, i 
the leth annual report of this Stall oa. 
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ning of the experiment was about 50 pounds. It was proposed to 
at times so feed the pigs ah to maintain them without gain or loss 
in weight. The feed so required is termed the "maintenance 
ration." The maintenance ration determined, the feed of the 
pigs wa8 next increased in order to cause them to gain rapidly 
until they wqre advanced to a weight of 100 pounds each, when 
the maintenance period was repeated and followed by another 
period of gain. 

The pigs were kept together in one pen and were fed in an- 
other pen, each pig having his own stall with trough. The feed 
supplied consisted of a mixture of wheat middlings, com meal 
and oil meal in varying proportions, as was required to maintain 
the proper nutritive ratio. Samples of the different feed stuffs 
were taken from time to time and analyzed. The fifty-pound 
pig was given a mixture of foods carrying a nutritive ratio of 
1 :3.9. During period I the ration consisted of three parts com 
meal, six parts middlings and one part oil meal. This had the 
proper nutritive ratio of 1:3.9 for pigs of this weight, viz., 50 
pounds. 

The extended tables giving the weights of the pigs from day 
to day, together with the quantities of feed consumed daily, 
can not be here given. A summary of the feed requirements 
during the three maintenance periods is shown in the follow- 
ing table: 

Average food of support per pif/ wtlh four pigs during three main- 
tenance periodn. 



Period -Standard neight. 


Actual 


FerdabdWa 


TEE COSBCM 


» 


Sborts. 


Corn meal 


Oil meal. 


WatiT. 




Lbs. 


Lbs, 


Lbs. 


Lbs. 


Lba. 


l9t period, 10 lbs 


B2.I 


.« 


.21 


.OS 


1 


Jd period, 100 lbs 


101.5 


1,14 


.57 


.19 


6. 




151 


1-2 


.a 


.2 









The able shows that the average fifty-pound pig required .48 
pounds of shorts, .24 pounds com meal and .08 pounds oil meal 
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for inaintenauee ; at 100 pounds weight the average pig took 
1.14 pounds of shorts, .57 pounds of com meal and .19 pounda 
of oil meal for maintenance ; at 150 pounds weight it required 
1.3 pounds of shorts, .C pound of corn meal, and .2 pound of 
oil meal for maintenance. 



Average nutrients in fond of support required to n 
different weights. 





Tntai 
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N.-fr(H> 

....... 


rtude 


AEh. 
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2.J 


u's 


-| 


Lba 


Lbs. 
.1127 
,U52 


Third period, 103 Ib^ 
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3f)7 
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\l. 


I^ 


M 


Fifth period, IWlbi 
ferlUJlbiliven-^ht 


127 


J?_ 


213 


ilt 


I 11 
089 


Z 


-Z 


Average par 100 Iba lise weigUt 


'"" 


.052 



The table shows that the average fiftj'-pouod pig ate .72 
pounda of dry matter containing .133 pound of protein and .04 
pound of either extract, .402 pound of nitrogen-free extract, etc 

The table shows that the fifty-pound pig consumed less than 
the hundred-pound pig and the hundred-fifty-ponnd pig less 
than either the fifty or one-hundred-pound pig per hundred 
pounds live weight. 

The table further shows that in the form of dry matter of 
shorts, corn meal and oil meal, 1,41 per cent, of the live weight 
of the anmal is required on the average to maintain him, and 
tliis in equivalent of middlings would be about 1.37 per cent, of 
live weight. 

It was found during the several maintenance periods that each 
of the four pigs, though not weighing exactly the same, were 
still maintained on the same quantity of feed, no difference be- 
ing found between the Razor-backs and the grade Berbshires, 
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THE FOOD OF QAIN. 

After each maintenance period the allowance of feed was 
gradually increased until the pigs were given all they would 
consume without waste. The following table summarizes the 
results during the gain periods : 

TablK ghoivlrtff reaulU of feeding for gain. 





Seienty- 
pig. 


One hun- 
dred and 
iwenty- 
Hve pound 


One liuD- 
dred and 




319,12 
.80 

1.22 
1,«2 
47,80 


421.60 

■ .81 
5S.8 

1.78 

48.^ 
1.41- 












4. Numberof days forMlbs. gala 

5. Dry matter consumed per day for 100 Iba. live 


H.5 


7. Food of anpport inpjr cent, of Hie weight 

8 Foodotsupport in percent, of total food consumed 


18C 

40.S0 







We note from line 1 that the food requtred for 100 pounds of 
gain increased with the increased weight of the pigs. Line 3 
shows that the average daily gain increased with the increased 
weights, and line 4 shows practically the same thing, or that the 
175-pound pig requires less time to make 50 pounds of gain 
than the 125- or the 75-pound pig. 

Line 6 shows that the dry matter per day for 100 pounds live 
weight is less for the 125-pound pig than for the 75- or 175- 
pound pig, though the difference is small. 

Line 6 shows that the estimated food required for support 
increases with the increased weights of the pig, while in line 7 
we see that the food of support in per cent, of lire weight de- 
creases with the increase in weight 

The food of support in per cent, of tofal food, as shown in 
line 8 is greatest with the 125-pound pig and least with the 175- 
pound pig. In making this calculation the food of support ifl 
reckoned for the average of food of support of maintenance 
periods immediately preceding and following the gain period 

D.qitizeabvG00^^lc 



Agricultural Experimei^t Station. 



n 



for which it is calculated, e. g., the food of support for the 50- 
pound pig is .72 pound and. for the 150-pound pig is 1.72 
pounds, average for 125-pound pig, 1.23 pound; in the ease 
of 175-pound pig having no maintenance period following, a 
food of support for maintenance period immediately preceding 
only, or 1.8 pounds of dry matter per day was assumed. 

The ninth line shows the ratio of dry matter in food of sup- 
port to be greatest for the 175-pound _gig, or to increase with 
the increasing weight of the pig. 

The amount of food eaten for a given gain in weight increases 
materially with the increased weight of the pig, as shown by line 
1 of the table. The daily food of support also increases, as in 
line 6, and this would tend to show that the 75-pound pig would 
he the most profitably fed, but in line 7 we see tTiat the food of 
support ia per cent, of live weight decreases with the increase 
in weight of the pig, and from line 3 that a larger daily gain is 
made, and this would prove the opposite, or that the 175-pound 
pig is fed at greater profit than either the 75- or 125-pouud 
pig- 
There was no difference between the several lots as to the 
feed requirements for a given gain. 



DIGESTION TRIAL WITH PIG9. 

Two digestion trials were made, one when the pigs were on 
the maintenance ration and weighing 150 pounds, and one 
when on full feed when weighing 125 pounds. The digestion 
factors secured with pigs during maintenance and when on full 
feed are shown in the following tables ; 
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DigeaUon factors during fall feed. 
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13.9 


78 4 



fiber are not given in these tables nor is the co- 
natter in the first table what it should be. This 
large amount of dirt eaten by the pigs when on 
Vhen the pigs were on full feed little or no dirt 
e results shown in the second table are satisfac- 
i nutrients digested to be as follows : 
?.4 per cent., ether extract 78.4 per cent., pro- 
it., and nitrogen-freo extract 89.2 per cent. 
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OFFICIAL TESTS OF DAIRY COWS. 1000-iyO 



F. W. WOLL AND ROSCOB H. SHAW. 

The work in this line during tlie past year has been cor 
principally in conjunction with the Holstein-Friesian A 
tion of America, although open to all breeders of pu 
stock who care to avail ihemaelves of the privilege. In al 
five different tests have been made, since the publication 
report* and up to July 1, 1901, the tests ranging in lengt 
one to forty-one days. One hundred and thirty cow 
tested in all, belonging to fifteen different breeders. Oi 
breeds of cattle have been represented, i. e., the Holstei 
sian and the Guernsey. 

We will first take up the official tests of Holstein-F 



A. OFFICIAL TESTS OF nOLSTEIX-FEIESIAN COWS, 

One hundred and twenty individual testa were made 
the year. Of this number twelve cows were tested moi 
once. Forty-four, of these individual tests were made o 
over five years old, sixteen* on cows between four and fivi 
old, twenty-four on cows between three and four years ol 
thirty-six on cows under three years old. 

The names and addresses of the different owners art 
below, the numbers in each case referring to the "Cow 1 
the subjoined tables. 

M. S. Campbell, Genoa, 111., Nos. S, 21. 46 and U, 

A. C. Demerit, Lake Mills, WlB., Nos. 36 and 37. 

Wm. Everson L Sou, Lake Mills, Wis., Nos. 28, 29, 40, 47 and 

M. H. Garduer, Darlen, Wis., Nos. 4, 5, 9, 48, 91. 93 and 94. 

•Seventeentb Ann. Report, pp. 62-76. ,-. . 
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W. R. Gates, Fort Atkinson, Wis., No. 56. 

GlUett tc Son, Roeendale, Wis., Nos. 69, 95, 96 and 97. 

Nick Grimm, Clemanevilie, Wis., Nos. 10, 30, 31, 49, 77, 79 and 109. 

S. B. Jones & Son, Hnstlstord, Wis., Nos. 18, 19, 30, 32, 33, 34, 3B, 41, 
62, 53, 64, 55, 59, 73. 83, 104, 105, 110, 111 and 118. 

W. H. Jones, Hustisford, Wis., Noa. 1, 3, 11, 12, 13. 43, 61, 62, 64, 65. 
70, 71, 84, 85, 86, 87, 90. 98, 99, 100. 119 and 120. 

Frank B. Fargo, Lake Mills, Wis., Nos. 25, 26, 27, 57 and lOS. 

A. N. McGeoch, Lake MUla, Wis., Noa. 2, 6, 7, 14, 15. 16, 17, 22, 23, 
24, *2, 46. 50, 51, 60, 61. 63, 66. 67. 68, 72. 75, 86. 87, 88, 89, 92, 101, 102, 
103, 106 and 107. 

E. C. Fetrle, Bowers, Wis., Nos. 44 and 60. 

E. E. Randall, Huetlstord. Wis., Nos. 35, 38, 58, 78, 79, 80, 81. 82, 112, 
113, 114, 115, 116 and 117. 

In conducting the tests the station employed five young men, 
all graduates of our Short Course of Agriculture or our Dairy 
Course. 

Chas. A. NlcolauB, Troy Centre, Wis., tested cows Nos. 1, 3, 6, 7, 9, 
10, 14, 15, 16, 17, 21, 22. 23, 24, 32. 33, 34, 35, 36, 37, 38, 42, «, 45, 48, 49, 
BO, Bl, 68, 60, 61, 62, 63, 64, 65, 67, 68, 69, 72, 74, 76, 78, 79, 80, 81. 82, 85. 
86. 87, 88, 89, 90, 92, 93, 94, 95, 96, 97, 101,102, 103, 106, 107, 110, 111, 112, 
113, 114, 115, 116 and 117. 

3. M. Wagner, Hilleboro, Wis., tested cows Nos. 8, 11, 12, 13, 18. 19, 20, 
28, 29. 40, 46, 47, 52, 53, 54, 55, 70, 71, 73. 76, 98, 99, 100, 104 and 105. 

Roy T. Harris, Warrens. Wis., tested cows Nos. 30, 31, 39, 41, 43, 59, 77, 
S3, 84, 109, lis, 119 and 120. 

L. P. Martlny, Nortli Freedom, Wis., tested cows Nos. 25, 26, 27, B7 
fjid lOS. 

P. A.. Dukleth, Big Bend, Wis., tested cowB Nos. 4, 5, 56 and 91, 

At the completion of test Ko. Ill, S. Hoxie, Superintendent 
of Advanced Registry, Yorkville, IN". Y., ordered a retest of the 
cow Minnie Sandes 2nd, owned by S. B. Jones & Son, Hustia- 
ford, Wis. In compliance, Geo. A. Olson and J. M. Wagner 
went to Hustisford and conducted a three-day retest. During 
this time one or the other of the men was with the cow con- 
stantly. Their figures confirmed the previous seven-day test. 

In the case of Melisse Clothilde (TestN'o. 7), upon request of 
C. A- Nicolaus, who was testing her, one of us (S.) visited tlie 
farm and personally investigated the conditions. In this ease 
the cow showed variations in butter fat from 2.6^ to 8.8ji in 
thirty-six hours. This was a case of abnormal production, due 
in iJl probability to a slight attack of fever. 
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The results of official teats of Holstein-rriesian cattle are 

given in the following tables, which show the total yield of milk 
and butter fat for seven consecutive days, also the average per- 
centage of fat in the milk for this period, the variations in the 
fat content of single milkings, the variations of daily yield of 
fat, and in most cases the body tfemperature of the cows during 
the test. 

As the popularity of these tests has increased, the tendency 
among those breeders who have had most tests made, has been 
to continue the test longer than seven days and from this ex- 
tended period select the seven best consecutive days to be re- 
ported to the Superintendent of Advanced Eegistry, This has 
been the case with nearly half the number of tests conducted 
this year. 

While it is not the purpose at this tim« to discuss the i*esults 
obtained, but rather to wait a few years until more data have 
been collected, it seems well to bring up one point which is al- 
ways the cause of considerable discussion, viz., the variation in 
percentages of butter fat in milk from individual cows. It will 
be seen by a glance at the tables that the cows under test in gen- 
eral showed large variations in percentage of butter fat. This 
in some eases is so marked that in one milking the percentage 
may be more than double that of another; e. g., in case of cow 
No. 14, Duchess Ormsby 2nd, where the minimum is 3.3^ and 
the maximum is 6.0^, and the cow No. 69, Jessie DeKol Burke, 
where the minimum is 2.0^ and the maximum is 4.4^. 

In most cases these differences cannot be explained, as their 
causes are not yet understood. It has been found, however, 
when cows are milked at irregular intervals that the milking 
succeeding the longest interval will, as a general rule, be poor- 
est in butter fat and the milking following the shortest interval 
will be richest in butter fat ; any change in the system of feed- 
ing, in the surroundings or treatment of the cow, or anything 
tending to irritate or excite the cow, will be apt to have an im- 
mediate effect, of changing the quality of her milk, generally 
decreasing its fat content. 
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A fignire representing the daily average percentage of fat 
during the seven days of the test will vary much less 
than the single milkings (see p. 75). The average daily 
percentages for the cow Duchess Ormsby 2nd for this period 
were. 44.4;^, 4.625^,4.14^, 4.21^, 3.90^, 4.19^ and 8.94^. 
The average of these figures, 4.2^, differs but .42^ from the 
highest daily percentage and from the lowest but .3^. In the 
second example taken, Jessie DeKol Burke, the seven daily 
s are 3.53^, 3.16^, 3.08^, 3.05^3.43^ 3.53^ and 3.44;^, 
lese daily averages, 3.53;^, differs but .IT^ 
of these figures, 3.36;^, and the lowest but 

pare the figures representing the average per- 
fat per week of these two cows for a longer 
doubtless find that the variation from week to 
Id be even less, probably not more than .1^. 
! animals were under what may he termed 
feed. That is, they are fed that ration, which 
)f their ou-ners will produce the very largest 
luring the period in which they are tested, 
tions it is a well known fact that cows are 
>tible to a slight change in treatment or sur- 
ordinarily the case,* 

rrCIAL TESTS OF GUERNSEY COWS. 

with the American Guernsey Cattle Club this 
, during the year, one-day testa of six cows 
Hill & Son, Itosendale, Wis., and a seven-day 
jwned by A. J. Philips, West Salem, Wis. 
. differed from those reported in the preceding 
I of tests of one day's duration only, conducted 
, The methods of testing and sampling were 
5se already described, except that in taking 
i five instead of one cubic centimeter of milk 
h pound of milk. The Station ^Representative 

\g variations of this kinil are given in "Pan- 
iiordl to July 16," by DeWltt Goodrich, In Hoard's 
1901. 
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did not oversee a preliminary milking, and but two milkings 
per day were made. No notice was given the breeder aa to the 
arrival of our Eepreseutative, and the test was conducted on no 
regular day each month. 

These monthly tests were begun in May, 1900, when the 
herds of two Wisconsin breeders were tested. One of themi, 
however, discontinued the test in July of the same year, while 
the test of the herd of Geo, C. Hill & Son was carried through 
the year. One of us made the May and December tests, and 
the others were conducted by Chas. A. Nicolaus. 

The tabulated results of the testa made during the year are 
as follows; 
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The complete records of the monthly data for milk and butter 
fat production for the best five of these cows, as secured by the 
breeder, are given in the Herd Register, published by the Amer- 
ican Guernsey Cattle Club, vol. SI, part 47. The records show 
that the total production of milk and butter fat of the cowa for 
the year 1900-'01 was as follows : 



J^odtietion of milk 


and fat for the year 190O-'Ol. 






Milk. 


Fat. 


Dal«8 of CalTlur. 


A««. 


1. PrimrossTriekaey... 

2. Gypsyot BaoinB 


Lbs. 

787B.1 


Lba. 

508.0 
432.8 
8M3 
390.9 
3S2.S 


s.m 

5. S3 
B,02 
S81 
G.81 


ikaS:::::: 

NoT.i9, -m 

fK'sW:;:::. 

Apriiia, '00 

laV'Si:::::;: 


Yntt, 


t. Lady Ben] amin 


1 








1680.7 


*ai,ff 


5.BS 









The breeder received 2d prize in the Home Butter Testa for 
Guernseys, 1900-'01, for the herd of five cows given above, and 
the first two cows were awarded second and third prize, respect- 
ively, for single cows. 

At a meeting of the Guernsey Cattle Club in June a system of 
Advanced Registry and Award of Prizes was adopted, which 
require seven-day official testa. During the same month the 
Station was called upon to furnish a man to conduct an official 
test under this new system, of the herd belonging to Mr. A. J, 
Philips of West Salem, "Wis, ; in accordance therewith Roy T. 
Harris was sent to West Salem; the results of his work ara 
given below : 

Seven-day tests of Guernsey cows, 1900-'01. 



Cow 
Na 


Name. 


».«..„ 


Teat 
begao 


* Age, 


■i-isr 


Milk. 


Pat. 






11,096 
8,831 

9,791 


June 2 
June 2 
jDoe 2 
June 2 


2-11-7 

8-8-lS 

4-3-22 
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SI 
M 
2t 


Lb». 

110.8 
277.1 

iia.1 


Lbi. 
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n day tests of Ouernaey cows, l900-'o;— Continued, 





Pbb Cent. Fat. 


Fat Pbb 


Tbup.C 


pCow. 




Average. 


Range. 


Range. 


Average. 


Banee. 




441 

4 43 


8,B8-1.8S 

4.17-4.62 
3.4S-4.4S 


Lbs. 
.TB-1.29 

1 03-1.21 


"P. 


'F. 


Qnoen 


101.6 


101,1-1 9 


3ott6 


ICffi.l 


,.,,-,. 



be seen, breeders of Holstem-rrieaian and Guernsey 
) the only ones who this year availed themselves of' 
unity offered by the Station of having official tests 
of pure-bred dairy cows owned by Wisconsin farmers, 
ihort-homand Red Polled cows were also tested by us, 
,11 inquiries from Jersey breeders have been received. 
wts are that a number of the various breeds of dairy 
be represented in these tests during the present 
practice of securing accurate and unbiased evidence 
laximum produ'ction of milk and butter fat of dairy 
eans of official tests will in time be likely to become 
long breeders of pure-bred dairy cattle in this and 
!B of the Union. 
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ON THE AVHRAGE COMPOSITION OF MILK OF PURE- 
BRED COWS OF DIFFERENT .BREEDS. 



F. W. WOLL. 



During the year 1899-1900 the writer made complete chem- 
ical analyses of most of the composite samples taken by oar 
Station representatives on the official teats of pure-bred dairy 
cows. It was believed that the analyses would furnish valuable 
contributions to our knowledge of the composition of milk of 
pure-bred cows of different breeds. The samples in a large ma- 
jority of cases represented the average quality of milk produced 
by cows.teste'd during a period of seven days, since an aliquot 
(1 cubic centimeter per pound of milk produced) was taken of 
each milking during the progress of the test. The variations 
from milking to milking and from day to day in this manner 
disappeared and the samples therefore represent, as nearly as 
possible, the average quality of milk of the cows at the time of 
testing. This was, in general, shortly after calving when the 
maximum production of butter fat is most apt to occur. 

The results of the tests so far as the total production of milk 
and butter fat is concerned, and the general conditions under 
which the tests were conducted, have already been published in 
the 17th Annual Report of our Station.' The samples were 
in nearly all cases preserved by means of a potassium-bichromate 
tablet; these being of fairly constant weight (weighing very 
nearly 0.365 gr. each), and the volume of the composite samples 
being known in all cases, the per cent, of ash and of solids could 
be readily corrected for the bichromate added, and this was 
'Pp. 68-75. ^~ ' ~ 
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always done. No correction liaa been introduced for tlie spe- 
cific gravity of the milk, however; the figures given in this col- 
umn of the following tables are therefore too high, aud no gen- 
eral averages have been calculated for this reason. The com- 
posite samples received in the official tests had at times been 
more or less churned out during transportation, but all samples 
subjected to complete chemical analysis were at least in fairly 
good condition. The methods of analysis followed were those 
^ adopted by the Association of Official Agricultural Chemists.^ 

The total solids and fat were determined by the asbestos 
method ; the casein and albumen calculated from the total nitro- 
gen as found by the Kjeldahl method, and the ash by drying and 
incinerating 5 cubic centimeters of milk on a flat porcelain dish 
in a muffle oven, while milk sugar was determined by difference, 
and the specific gravity by means of a Westphal balance. For 
the determination of solids 5 cubic centimeters were weighed 
into a perforated copper tube filled two-thixda full with stringy 
asbestos, and after drying and weighing, the fat was extracted 
by means of anhydrous ether distilled over sodium. The same 
pipette was used in measuring milk for the determination of 
solids, nitrogen and ash, and the weight obtained in weighing 
out the sample for solids was used for the last two determina- 
tions as well. 

The results of the analyses of milk produced by Holstein- 
Friesian cows are given first, and these are followed by the analy- 
ses of milk from Guernsey, Short-horn and Red Polled cows. 

A. Holstem-Friesian cows. — Seventy-eight samples of milk 
from seventy different Holstein-Friesian cows were analyzed. 
The analyses are arranged in the following tables according to 
the age of the cows, in the same way as in our last year's report, 
and summary data for all cows are given at the end. 

'Bulletin 46, Revised Ed., U. S. Department of Agriculture, Division 
of Cbemlstry. 
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Tabls a.— CompoaUton of milk from Hotglein-Frietian oi 
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B, Guernsey cows.—T\\^ milk from only two cows waa an- 
alyzed, eleven analyses being made of that of Gypsy of Racine 
(No. 9639), and one of milk produced by Madame Tricksey 
(No. 6519). The samples were composites of two to six- days' 
milkings, except No. 3, whieli was taken of a noon milking ; Nos. 

4 and 7, which represented single evening milkings, and Nos. 

5 and 8, wliich represented single morning milkings. 
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C. Shorthorn cows.—On\j two composite milk samples from 
Shorthorn cows were analyzed, with results as shown below: 
Tadle C— Composition of milk from Shorthorn cows. 
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D, Red-Polled cows. — Eight Red*Polled cows furnished com- 
posite samples of two full days' milkings. 

Tabled.— Composition of milk from Eed-PoUed cows. 
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The following summaries of the results of the analyses for all 
breeds given in the preceding are here presented. The sum- 
maries are made up of samples from eighty-two cows, furnishing 
ninety-seven samples in all. 



SummaTy table of the composition of milk of pure-bred cow*. 
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Discussion of results. — The general average for the samples 
of milk from Holatein-Friesian cows came at 3.33 per cent, fat 
and 8.45 per cent, solids not fat. Tliis is a slightly lower fat con- 
tent than the average for all one hundred and twenty-one com- 
posite samples tested during the year, which was 3.41 per cent. 
As given in the tables published in our 17th Annual Eeport, 
there was a range in the fat contents of single miUiings from 
1.5 to -7 per cent. The preceding tables show the fat contents of 
the separate composite samples for seven days to range between 
2.23 and 4.46 per cent. 

The average fat content of 3.41 per cent, was for milk from 
cows 45 days from calving, on the average. The fat content of 
the milk at this time may be considered slightly above the aver- 
age for the whole period of lactation ; in general the milk pro- 
duced by a cow is higher in fat for a month or two after calving, 
and when the milk secretion is beginning to diminish percepti- 
bly prior to going dry before next calving, than during the in- 
tervening period. The evidence at hand goes to show'that the 
average quality of milk from pure-bred Holstein-Friesian eovra 
in this country will not vary greatly from 3.3 per cent. (See 
below.) 

The average solids not fat of the Holstein milk (8.45 per 
cent.) is perhaps lower than might be expected. It will be 
seen, however, that the averages for all classes come very near 
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tMs figure, aiid none higher than 8,50 per cent. ; only six analy: 
ees out of 78 came above 9 per cent., while seven analyses came 
below 8 per cent, Holstein milk has generally a lower fat con- 
tent than the milk from cows of other breeds, but the total solids 
are made np of a larger percentage of fat than milk of similar 
richness of other breeds, as is shown in the column marked "Fat 
in solids," As a general rule, the lower the per cent, of fat in a 
sample of milk the smaller the proportion of fat in the solids, 
but the solids in the samples of Holstein mjlk analyzed contain 
28.3 per cent, of fat, while those in the Shorthorn milk consist 
of 27.9 per cent, of fat, although the average fat content of this 
milk ia two-tenths higher than that of the Holstein milk. 

The number of samples of milk from the last three breeds 
given in the last table is too small to make a discussion of the 
data obtained of much value. In looking for further informa- 
tion as to the average quality of the milk of these breeds and of 
other breeds not represented in the table, one is surprised to find 
comparatively few complete analyses of milk from pure-bred 
cows on record. Single analyses of such miik are occasionally 
given in the dairy literature, but the samples in the majority 
of cases are made up of single or at beet a few milkings of in- 
dividual cows, and neither as to the number of milkings, nor of 
the number of animals included, can tihe data be considered rep- 
resentative of the various breeds. 

The following table is submitted at this time embodying aver- 
age data as to the chemical composition of the milk from our 
main. American dairy breeds. The fat ia commercially the 
most important component of milk and in order to furnish as 
reliable information as possible in regard to the average quality 
of milk from cows belonging to the .various dairy breeds, analy- 
ses recorded jn our dairy literature have been included even 
where no further information is given as to the composition of 
the milk produced than its fat content. No claim for complete- 
ness is made as to the analyses included in these summaries, al- 
thouigh it is believed that the main data on record have been in- 
cluded for all breeds except perhaps ■ the Holstein-Priesian, 
Tvliit^, as it is, furnishes oyer one-third of the analyses. 
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The data presented in the table are obtained from the follow- 
ing sources: 

I. Breed Teat No. 1, World's Columbian Exposition, 1893 (75 cows; 
duration of test, 15 days). 

II. Breed Tests, Pan-American Exposition. 1901 (50 cows, 183 days). 

III. Breed Tests Conducted at American Experiment Stations (Com- 
piiation by Woll, Handbook lor Farmers and Dairymen, Revised ed., 
p. 209; 45 cowa, 72 lactation periods). 

IV. Official Testa of Dairy Cows, Wisconsin Experiment Station, Re- 
port XI, p. 205. 

V. Official Tests oC Dairy Cowa, Wisconsin Experiment Station, Re- 
port XIII, p. 154. 

VI. Official Tests o( Dairy Cows, Wisconsin Esperiment Station, Re- 
port XVI, p. 1*9. 

VII. Official Tests of Dairy Cows, Wisconsin Experiment Station, Re- 
port XVII, p. 62. 

VIII. Official Tests of Dairy Cows, Wlsconein Experiment Station, Re- 
port XVIII. 

IX. Official Tests of. Holstein-Friesian Cows, Cornell (N. T.) Experi- 
ment Station, Bulletin 152. 

X. Geneva <N. Y.) Experiment Station, Report IV, p. 285. 

XI. Wisconsin Experiment Station, Report IV, p. 164, and VII, pp. 
118-119. 

XII. Mionesota Experiment Station, Bulletln'67. . 

XIII. Verniont Experiment Station, Report XIII, p. 448. 
Xllla. Iowa Experiment Station, Bulletin IE. 

XIV. Tests at State Fairs; Woll, Handbook for Farmers and Dairy- 
men, p. 211, 

XV. Milking Trials Cooducted by the Brltlsb Dairy Farmers' Asao- 
ciaUon for l879-'98 (Compilation by Woll, ibid., p; S12; 785 cows). 

XVI. Dietrich & Koulg, Zuaammensetzung und Verdaulichkeit der 
Futtermittel, 2d ed., vol. I, p. 798. 

XVII. Fleischmann, The Book of the Dairy, p. 43. 
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Average composition of milk ofeotoa of different breeds. 
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Average composition of milk of cowe of different breeds— Con. 
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In order to obtain definite information 83 to the average qual- 
ity of milk of the breeds enumerated above, the fat content has 
in each ease been multiplied by the number of cows furnishing 
the milk. The products thus obtained are added together, and 
the sum divided by the total number of cowa. Aa an appreci- 
able number of determinations ia only at hand for the fat con- 
tents and the average daily yields of milk, averages have only 
l>een calculated for these data, and since the milk yield is not 
given in some cases where the fat content is, the number of cows 
contributing to the averages is given in both eases. Having 
these two seta of average figures in case of the different breeds, 
multiplications have been carried out which show the average 
daily yield of fat for cowa of the different breeds. The follow- 
ing table gives the summaiy data arrived at. 
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Average per cent, of fat and production of milk and butter fat 
per breed —all analyiea. 
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The total number of cows contributing to the average per- 
centages of fat given in this table is 1,974, and the number con- 
tributing to tihe milk yields 1,510. Owing to the large number 
of analyses making up these average data, the results may be 
considered representative for the main dairy or dual-purpose 
breeds, and as such should possess considerable value. We notice 
that the breeds rank in the following order as regards the rich- 
ness of the milk produced, viz, : Jerseys, Guei-nsey, Polled Jer- 
sey, Devon, French Canadian, Ayrshire, Brown Swiss, Short- 
horn, Ited PoUed, Dutch Belted, and Holstein-Friesian, and as 
regards the average daily production of butter fat: Shorthorn, 
Holatein-Friesian, Guemaey, Ayrshire, Brown Swiss, Eed ' 
Polled, Jersey, French Canadian, Polled Jersey, Dutch Belted, 
and Devon, In drawing conclusions from these results it should 
be borne in mind: 

First, the number of cows included under each breed varies 
greatly, and in case of three of the breeds the number is too small 
to give the data general value. 

Secondly, the amount of milk and butter fat which a cow will 
produce stands in a definite relation to her live weight; 
when the production of a number of good dairy cows is com- 
pared, it will be found that the heavier the cows are the iboi^OQIc 
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milt and butter fat will they in general produce in a given 
time, under otherwise similar conditions; we notice that the 
average yield of fat produced, as given in the preceding table, 
as a rule stands in fairly direct ratio to the average live weights 
of cows of the different breeds.* 

Thirdly, the testa during which the cows produced these re- 
sults varied in length from a couple of days to on© or more 
whole lactation periods. Nearly all data for the Holstein- 
Frieaian cows were obtained in seven-day tests; the records in 
the English Milking Trials (XV) were made during three- 
day tests, which would influence mainly the data for the Jerseys, 
Guernseys, and Shorthorns ; the other breeds had a proportion- 
ally large number of cows on long-continued tests conducted un- 
der more normal conditions of feeding and care than those of 
short tests can ever be. 

It may be objected that since the analyses and data given 
above are obtained from so many different sources, includ- 
ing British and Continental European figures, they do not 
fairly represent American conditions, and should not be used 
for comparison of the merits of our main dairy breeds. That 
this objection is in order ia especially shown in case of the 
Shorthorn cows included in the summary : average per cent, of 
fat, 3.73 ; average daily milk yield, 43.5 lbs. ; average daily fat 
production, 1.62 lbs. Nobody will perhaps maintain that nearly 
four hundred cows of this breed could be selected in this coun- 
try which would be able to even approximate this performance; 
the high average comes from the records made by Shorthoma 
in the milking trials of the British Dairy Farmers' Association 
(average per cent, of fat 3.Y5, average daily milk yield 45.4 
lbs. ; see p. 93). In order to do away with the objection raised, 
all American data contributing to the preceding summaries 
have been compiled by themselves in the same manner as before. 
The results of these compilations are given in the following ta- 
ble: 

♦This subject has recently been quite fully treated by tie writer in 
Breeder's Gazette, Sept. G to Oct 3, 1900. 
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Summaries of American analynet. 
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This table is summarized from data for the average fat con- 
tent of the milk from 881 pure-bred cows and for the average 
railk yields of 825 cows. In comparing the average j-ields 
of the diiferent breeds the points mentioned above should be 
given due weight. The character of the tests of the Holstein- 
Friesian cows in the large majority of cases differs from those 
of most of the other breeds, the testa being of short duration and 
conducted under a more or less forced system of feeding. The 
large number of animals contributing to the average data for 
this breed renders the figures valuable as an expression of 
the average quality of the milk of American Holstein-rriesian 
cows and their production of milk and butter fat at the present 
time; the latter figures may be considered maximum when the 
performance of a large number of animals Is summarized. 
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ANNUAL MILK AND BUTTER PRODUCTION OF COWS 

OWNED BY PATRONS OF THE UNIVERSITY 

CREAMERY. 



EH. PARRINGTON. 

For the five years preceding 1901, the Dairy Department of 
the University has been supplied with milk from about 400 
cowB on fifty to sixty farms within eight miles of the Dairy 
Building. During the present year a new territory of about 
thirty farms was added to our patronage, and this has increased 
the milk receipts about forty per cent. Our milk supply has 
ranged from 3,000 to 13,000 pounds per day and has been re- 
ceived daily, except Sundays. In the winter it is used for the in- 
struction of our 120 dairy students in butter and cheese making; 
during the remainder of the year it is available for making in- 
vestigations and experiments, the results of some of which have 
already been published in reports and bulletins of this Station. 

In our eight years of experience we have become familiar 
with the effecta of competition, as well as the other every-daj 
affairs of a practical creamery or cheese factory in this state. 
The amount of milk received has always been subject to the 
usual fluctuations caused by competition, drought, etc. Some 
milk has been diverted to other factories started near the farms 
of our patrons, as in June, 1896, a co-operative creamery was 
organized among some of our patrons and a former dairy stu- 
dent engaged to run the factory. The milk from several farms 
that were our patrons, has also been taken by retail milkmen, 
and the effects of hot weather, flies, severe drought, changes in 
feed, and seasons are plainly shown by our milk records for 
each year. 
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Our dealings with the patrons differ from the usual creamery 
practice in two particulars, which operate against us when a 
patron is considering which factory he will patronize: 

First. We do not receive milk on Sundays. This makes it 
necessary for the farmer to buy some extra milk cans in which 
to keep the Sunday milk; he may also occasionally lose a can 
of milk which is refused at the creamery if it is sour Monday 
morning on account of his lack of facilities for taking good care 
of it. In warm leather farmers generally prefer to deliver their 
milk to a factory on Sunday rather than to supply the neces- 
sary tanks, cans and cold water for keeping it sweet until 
Monday. 

Second. Our dairy school instruction requires a six-days-per- 
week delivery of milk during the winter months. This is not 
the case with creameries in general, where an every-other-day 
delivery is the common practice, and this is much preferred by 
the patrons on account of the saving in delivery trips during 
cold weather. 

Milk supply of the university creamery, 189^-1901. — Dur- 
ing 1894, the iirst year that milk was received daily, about 
thirty farmers supplied from two to four thousand pounds of 
milk per day. After this there was a steady increase in the 
quantity of milk until it reached its maximum of 13,000 pounds 
per day from 96 farms in May and June, 1901, 

The fluctuations in the amount of milk received will be seen 
from the following table, which gives a monthly record of the 
milk supply for the past eight years: 
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Milk supply of the University Creamery, April, 1894, to October, mi. 
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Milk supply of the Univenily Creamery, April, 1894, ■ 
1901 — Continued. 
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A Bummary statement of the milk supply for each of the past 
six years is given in. the following table: 
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The monthly records show that about twice as much milk is 
received in May and June as in September and October. The, 
warm weather, flies, and shortness of feed from drought in the 
early fall make a surprising reduction in the flow of milk in a 
very short time. On account of the higher prices paid for milk 
in the winter, many of our patrons arrange to have freeh cows 
in the winter months, and this partially accounts for our com- 
paratively larger quantity of milk from January to March, than 
is received in the fail. 

The average test of milk is hi^est in October and .November 
when feed is short and many cows are near the end of their 
lactation periods. There is no perceptible change in the test 
during other months of the year, even though grain feeding in 
the winter and pasture feed in the .spring increase the amount 
of milk "produced by the cows. 

The test of milk from year to yealr is comparatively uniform 
and a little higher than is reported in the dairy papers by some 
factories. This high test cannot be due to exceptionally good 
cows, 23 the results given in the following pages show our pa- 
trons' cows to be very ordinary animals. 

Number of cows owned by •patrons.— ^o&t of our patrons 
keep only a few cows. Dairying is not a prominent feature on 
the farms from w^ch we receive our milk, grain raising and 
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general farming being given more attention than the cows. We 
find it extremely difficult to get an accurate record of the num- 
ber of cows each patron owns during a year. There are mUny 
changes in the herds, from sales or from additions to the herds. 
Some patrons sell milk to us only a part of the year and to retail 
milk dealers the rest of the time. These dealers also occasionally 
leave their surplus with us so that it is impossible to say each 
year that our milk supply is produced by an exact number of 



The farms are visited each year by the writer. A cow census 

of our patrons taken during the present summer (1901) showed 

that there were 872 cows on 95 farms. Most of the herds are 

small in number, as shown by the following statement: 

S Patrons keep from 20 to 30 cows. 

22 Patrons keep from 10 to 20 cowa. 

30 Patrons keep from 6 to 10 cowa. 

3S Patrons keep from 2 to G cows. 
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These cows are similar to those furnishing milk to the ma- 
jority of the ereameriea and cheese factories in the state. Very 
few of them are pure-bred, and the feed and care the cows re- 
ceive does not differ very much from that practiced by the aver- 
age farmer. 



2ud yi^ur, £56 lbs. 1 

Testing the cows. — Ever since the creamery was started we 
have urged our patrons to take samples from each cow's milk and 
allow us to test them, as this will aid in obtainii^ definite knowl- 
edge of the amount of milk and butter each cow produces. The 
patron's usual reply to these suggestions is tliat he "supposes 
it would be a good plan to test his cows," or he plainly states that 
"it is too much bother to take samples." He is either so much 
attached to his cows that he does not care to part with any of 
them even if it is proved that some cows do not produce milk 
enough in a year to pay for their feed, or he seems to think that 
he knows enough about his cows without having their milk test- 
ed. No one of our patrons during the past seven years has vol- 
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untarily brought samples of milk to us for any lengtli of time 
with the request that we test them for him. This indifference 
to an exact knowledge of the profit or loss from cows is common 
among farmers, and on account of it they suffer annually very 
large financial losses. It is therefore plain that the poseesaor 
of such a disposition is aa worthy a subject for investigation as 
are the cows he owns ; the hope of convincing our patrons that 
cow records are valuable lead to a systematic testing of a number 
of herds in August, 1807, wliich investigation has been con- 
tinued up to the present time. 



In preparation for these tests we had boxes made for carrying 
four-ounce sample bottles of milk from the farms to our cream- 
ery. Small books in which might be recorded the weight of each 
cow's milk once a week, and accurate weighing scales were also 
provided. We offered this outfit to our patrons aiid agreed to 
test all samples they would send us if these were taken for one 
day at regular intervals of one, two or four weeks during the 
year. , 
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Some patrons inquired how much we would pay them for the 
extra work of weighing each cow's milk' once a week. Thi9 sug- 
gestion proved to be the only way in which we could get the 
work started, and we finally agreed to pay $1.00 per cow to such 
patrons as would weigh and sample the milk of each cow in their 
own herds at least once a month for one year. Even this in- 
ducement did not make much impression on the patrons, and we 
were able to test six herds only the first year, beginning August 



Ist, 1897. These tests included the weigjiing, sampling and test- 
ing of the milk of forty cows once every week through one com- 
plete period of lactation; eleven more cows were tested for a 
part of the year. 

The results of this first year of testing were published in Bul- 
letin 76 of this Station. Since that time the testing of patrons' 
herds has continued. During the year beginning April lat, 
1899, sixty-two cows on nine farms were tested through one com- 
plete period of lactation and fifty-four cows for only part of the 

D.qitizeabyG00l^lc 
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year. The following year fifty cows on six farms were tested, 
and up to the present time 217 cows on thirteen of our patrons' 
farms have been tested. These testa represent 135 complete and 
98 partial periods of lactation. The cows in three herds were 
tested for three years consecutively and four other herds were 
tested for two consecutive years. 



Fig. 22.— Cow 



During the first year of testing the milk of each cow was 
weighed and tested once each week, but it was impossible to get 
this done so often after the first year. Some patrons were 
icilling to weigh and sample the milk of each cow once in two 
weeks and others could only he induced to do this "extra work" 
once a month. 

The results obtained by this three years of testing have shown 
that farmers may gain a great deal of useful information by 
such work, and that it is one of the most profitable fields for 
careful observations in the whole domain of agriculture. 
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The following table gives a aummary statement of the amount 
of cow testing done for our patrons between August 1, 1897, 
and April 1, 1901: 
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A description of our methods of making the tests and some of 
the results obtained are given in the following pages : 

Method of making the farm test. — The milk of each cow 
was weighed and sampled at the morning and night milking one 
day in each week, every two weeks or once a month as the patron 
desired. This testing day was seleted by the patron. 

Each dairy was supplied with a pair of scales for weighing the 
milk, u hox of bottles for milk samples, a small, 1-ounce tin 
sampling dijip^r and a rword hook. Each eow wa.s given a num- 
ber, which was also placed on the label of a 2-ounce sample bot- 
tle, the cow being known by this number throughout the test 
About one-half gram of potassium bichromate was added to each 
sample bottle to keep the milk sweet until tested. The box of 
samples and the record book were sent to the University Cream- 
ery, where the samples were tested ; the tests were recorded in 
the patrons' book as well as in the permanent record at ^e 
creamery, -after which the book and box of sample bottles were 
returned to the farm. 
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Fib. 23.— Baljcock teBter, milk settles and other suppllos uscfl In testing cows. 

The following instnictions were plainly written pn the first 
few pages of the record book sent with each 1k)x of sample bot- 
tles: 

DIRECTIONS. 

1. Give each cow a permanent name or number. 

2. Provide a place for using the scales at milhing time. 

3. Select a mllk-welghlng; pail or bucket. 

4. Record tbe weight of this empty pail or provide some ?ure way ol 
deducting ite weight from each lot of milk. 

5. After milking a cow dry, pour all her milk into the weighing pall. 

6. Record the weight of this milk in the proper place in the l>ook. 
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7. Pour milk from welghine -pall into milking bucket and immediately 
dip a sample from it Into a bottle having tlie number of tliis cow. 

8. The sample from the flret milking eliould only fill the bottle one- 
half full. 

9. At the nest milking repeat the weighing and sampling and pour 
the second sample into the same bottle that was previously half filled. 

[e bottle should contain a mixture of the milk from 

likings of one cow. 

mple bottles to prevent evaporation. 

sample the milk of each cow once, twice or four times 

it each milking. 

3 each cow calves. 

nany days each calf was ted Its mother's milk. 

Ill dispose of each calf. 

tement of cow's feed, including the weight, price and 

any, with the amount and kind of hay, cornstalks or 

ler. 

^ange of milkers. 
i when cow was dry. 

lOoks used were small, leather-covered, 4x6 inch 
narily cost five cents. The books were ruled as 
Two opposite pages were taken for the record of 
Tiilk of one cow. Other pages were reserved for 
bservations included in directions 15 to 20. 



Method of arranging records. 
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of this testing and the necessary routine record 
by Mr. Tranli Dewhirat, who, with the writer 
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visited several farms at milking time twice during the year to 
obtain data in regard to the time required by the dairyman for 
weighing and sampling the milk and to note the accuracy of the 
work done. 

One farmer, with twelve cows, estimated that fifteen minutes' 
extra time was required to weigh, aample and record the milk of 
his cowa on testing days. At another place the records were 
taken by a hoy who was too young to milk, but capable of doing 
the extra work required at milking time on testing day. At one 
farm this work was done by the women, who strongly objected to 
it, especially when it was necessary to use a lantern at the bam 
in winter. 

Accuracy of the records.— The accuracy of such records as 
these is necessarilv influenced by conditions common to nearly 
all farms. Milking is usually done with more or less haste, 
especially at the planting, haying or harvesting seasons. The 
milkers as a rule are not accustomed to the use of scales and 
often consider a weight within one pound of the true figure to be 
"near enough," They do not understand the necessity of prompt- 
ness in sampling milk after it has been poured from one nail to 
another before the cream has begun to separate. In spite of thesB 
and other disturbing factors, our results show that tests of dairy 
cows can be made by the farmers themselves with sufficient ac- 
curacy to give a very satisfactory knowledge of the performance 
of each cow. 

In order to ascertain the accuracy of the data obtained by the 
method of testing described a one-day trial was made at four 
farms. A representative of the Dairy School visited the farms at 
both milkings in one day and saw the milk of each cow weighed 
and sampled. 

The sum of these weights and the average tests were compared 
with the weights and tests of the milk delivered by each patron 
at the creamery that day. A summary of these resulte is given in 
the following table: 
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Compariaon of farm and creamery weights and tests at four fan 





No. of 


Milk of Onb Dai. 




Ffirm, 
Lbs. 


C„.j,„,. 


DiBor^nce. 


iT 


Creamery 
tasl. 


Differeoce. 


A 

c 


8 
11 

e 


z 


Hi 

73 


! 


4.3 


*,5 

4.0 
4.4 


.OS 


D 


.1 



The milk was not tested at the creamery each day the cows 
were tested at the farm, but the weekly tests of the creamery 
composite samples may be compared with the farm teats for one 
day of each week. Such a comparison was made of the farm and 
creamery records of each patron for the entire year, and a sum- 
mary of these results is given for one patron. It is to be expected 
that the farm weight should he greater than the creamery weight 
on any given day, because a certain amount of milk is always 
kept at home for family or other use. In some cases it will be 
noticed that the creamery weight was more than the farm weight. 
This must have been due to carelessness at the farm or to empty- 
ing the milk of some cow into the creamery cans without weigh- 
ing it. 



)vGooi^lc 



AGBICUI.TURAL EXPBEIMENT STATION. 



Comparigon of the farm and creamery tveighWand le»lB from 
farm C for the entire year ending AuguH 1398. 
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A comparison of the annual records of twelve herds as ob- 
tained at the farm with the creamery record for the year is 
given Ijelow. The farm figures in this table, it should be re- 
membered, are not found by weighing each cow's milk at every 
milking during her entire period of lactation, but are calculated 
from the weights taken each week, aa described below : 







Annual farm and creamery records. 
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The difference between the farm and the creamery records 
includes the milk kept at home for family or other use and the 
inaccuracies in weighing and sampling the milk at the farm. 
In some cases this difference amounts to about the quantity of 
milk given by one cow for a year. 

Each cow's record began after her calf was sold or when her 
milk was sent to the creamery. At farm E, the owner began 
testing each cow as soon aa fresh, but fed the milk to the calf 
for about four weeks, until the calf was sold. This aocounta 
for a part of the large difference between the farm and creamery 
records of this herd. 

The total annual production of a cow is found by multiplying 
the average of the daily weights of milk and of butter fat taken 
each month by the number of days in the month, and adding the 
products together. The money value of the milk of each cow is 
found by multiplying the monthly weight of butter fat by a 
certain figure which, during the year ending Aug. 1, 18S8, waa 
one-half cent less than the average Elgin market price of but- 
ter for that month; in 1900 and 1901 it waa the average Elgin 
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price* The figures obtained for each month are added tc^ther 
to find the annual value of the milk. 



Monthly prices per pound of bailer fat used in calculating the 

creamer}/ value of thi mitk of each cow during the different 
yenrK. 
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Variations in the test of milk. — The testa of the milk of the 
same cows showed differences of one-half of one per cent., and 
occasionally even more than one per cent.ondifferentdays. These 
variations, however, tend to equalize each other from day to day, 
so that the average richness of the two lots comes near to the nor- 
mal quality that the cowproduoes. This daily variation in miUc is 
much more striking in some cows than in others, even when these 
receive the same feed and care; it seems to depend largely on 
the health and more or less excitable temperament of a cow, ner- 
vous cows showing a much greater tendency to unevennesa in the 
quality of their milk tian cows of a quiet disposition. 

Feed )md care of the herds. — The cowa at each farm were 
fed and cared for during the entire year according to the usual 
practice of their owners. As far as we coiild ascertain, all the 
■ cows at one farm were fed in the same way. No attempt was 
made to vary the feed of each cow, excepting that where grain- 
feeding was practiced it was usually stopped while a cow was 
giving little or no milk. 

At farm C the owner kept a careful record of all grain bought 
and fed to his cows during 1898. His estimate of this feed is 
given below : 

•These are the prices which the creamery paid all ita patrons for 
milt 
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Faru 0. — Estimated feed cost and receipts from twelve cow». 



*Chaia boogbt during year 

Waorss euro atlillcBtS.W per acre SO 00 

10 tons clOYBr hay t5 00 SO 00 

10 acres Rood pastare and U aoreti woodlnnd 6S 00 

Total cost of feed t3N> OO 



SMetred lor milk at amamerr.... 

Sold 12 calves at 15.50 MOO 

foasoo 

«0,D001bs. skim milk lOcts per 103 Iba 60 00 

Beoetpts exceed feed cost 343 00 

$'9< CO fSSgOO 

aboat IS (oiie ot graiu attl^ 00 perluu. 

This stows that the estimated cost of feed at farm was 
nearly $30 per cow, and the average receipts per cow were a 
little over $58. Assuming that the manure will pay for the care 
of a cow, the owner of this herd received an average proilt of 
$28 per cow. 

Each cow on this farm was fed ahout the aame amount of 
grain and hay during the period of stable feeding — November 
1 to May 1. The grain was fed dry just before milking, 10 to 
14 pounds per head being fed per day to cows in milk. Hay was 
fed the last thing at night after milking. During day time the 
OOW8 were turned out into a sheltered yard, wherethey were fed 
comstalka that had been stacked near the bam at husking time. 
The cornstalks were well eaten, and it is probable that the cows 
satisfied their differences in appetite on the cornstalks, if, as 
stated, each one was given tte same amount of hay and grain. 
The cows had access to well water during the entire year, and 
were in pasture from Mgy to November. When cows were fresh 
the calf was allowed to have its mother's milk for about three 
weeks, when it was sold for veal. 

No exact feeding records could be obtained, except at farm 
C. at the other farms com, bran or shorts, ground oats, pasture 
grass and a very little hay were fed in uncertain amounts, and 
apparently with no definite plan. At farm A no money was spent 
for feed during the year, but the com and oats raised at home 
supplied all the grain the cows received, except that some oata 
were exchanged for bran to give the cows a variety of feed. 
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Although there was quite a contrast in the feeding and man- 
agement at the different farms, the method of weighing and test- 
ing the milk of each cow was the same in each case. A summary 
of the results from each cow which was tested through one entire 
period of lactation is given in the following tables : 



::ow No. 21. Produced In one jeat 2S6 Iba. batter worth T44.S3. 



FAEM A, TWELVE COWS. 

The cows on this farm have been tested for three years. The 
first year the weights and tests of each cow's milk were made 
every week, the second year once in two weeks and the third 
year once a month. Only six remained during the entire three 
years and their records are given first in the table, the best cow 
at the head of the list. The cows tested for two years are nezt 
given and, last, those tested during only one period of lactation. 
This herd suffered a great deal from abortion, especially in 
1900. 
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Farm a. — Annual production and creumery value of the milk of 
each cow tested through one or more periods of lactation during 
three years. 



Cow 


Aks. 
7 

9 

6 
9 

1 

9 
5 
2 

...... 

S 


Fresh. 


'"zS"" 


^ll^l 


rOTiL PaODCCTION, LbB. 


Cream- 




Milk 


Fat. 




Milk 


Test. 


Fat. 


Batter. 


milk. 






2D.4 
21.4 

iZ 

a.i 

19.8 
19.1 

isig 

13]l 
11.7 

i4:e 

14.4 

lois 

16.3 

12:2 
17 

9;4 

17-5 


m 


303 
360 
385 

1 

284 
385 

244 
3*4 

1 

231 
304 

365 
273 

385 
349 
209 

299 
310 
202 
304 
334 


riii" 


^ 


296 

296 
244 

204 

196 

176 
165 

160 
134 
118 

in 

156 

225 

80 
169 
173 
140 
239 

le: 

303 

148 
164 


S4G 
454 
346 
280 

221 
240 
256 
229 
205 
181 

1S7 
156 

s 

136 
182 
225 
223 
262 
217 

197 
202 
163 

195 
237 

72 
91 
128 


t.,-^ 


1 

E 
5 

Ij 
13 
13 

G 
10 


September, '09 ... 
March, -97 

Sr;'-™";.::: 

August, '97 

November, '98' .... 
Norember, "Ott .... 

K^m"' ■" ■■■ 
March, •ixi""!!ll! 
September, 'Vl ... 
September. 'Sg ... 

August. 'W 

September, '97 ... 




08 
SI 
86 
86 
63 

78 
69 

71 
79 

*2 
50 
51 
69 
56 
82 
70 

46 
69 

115 

60 
44 
62 




723 

io; 

7a[ 

561 
435 

Ml 
73; 

M) 
273 

3« 
371 

50( 

82' 
068 
3« 

6^ 
290 
48! 

151 
646 


E 




42 74 
50 87 
37 79 

48 2:: 
42 98 
33 78 

46 93 
32 13 
29 85 

28 72 


2a 
2n 

s 

tn 
7 


JaSSttrrl -OO '.'.'.'.'.'. 
Novemtier. '97 .... 
Febninry, '99 .... 
I'i-cpmher, '96 

Decpmber, 'Vi".'.'.'. 

Jnnuurj-, '00 

March, "00 


40 98 
39 58 
43 40 

35 98 

36 15 
28 90 
26 86 
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The average receipts per cow in 1898, from the c 
were $36.30; in 1900, $39.20, and in 1901, $38.92. In 1898 
seven of the twelve cows produced less than the average of the 
herd ; in 1900 seven of the eleven were below the average, and in 
1901 there were six cows under the average production of the 
herd. The ligures do not show much indication that the owner 
has profited by the tests. Two cows that did not produce enough 
milk to pay a profit on their feed were kept in the herd for three 
years, and five other cows produced less tfcan $30.00 worth of 
butter in a year. 

The average test of cow Ifo. 6 was very uniform for the three 
years, while that of No. 1 and No. 9 varied .8^ and ,5^, respect- 
ively in the three years. The number of days in a year that the 
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CowS gave milk varied with the different cowa, some of them, 
like No. 13, were milked very nearly the same Jength of time 
each of the three years, while with others there was a difference 
of over sixty days in the length of the periods of lactation of the 
same cow. In this particular herd there was so much abortion . 
that the periods of lactation were not always normal. 



Fig. 2S.— Cow Ko. 37. Produced in one year 392 IbB. of butter worth 160.72. 

The annual production of the mature cows during the three 
years shows that the poor cows did not improve from year to 
year, but continued to give less milk than required to pay for 
the feed consumed. This is shown by the records of 'No. 9 and 
No. 10, The one good cow was equally persistent in doing welL 
The creamery value of her milk for three years was $200.00. 
This is $110.00 more than the cost of her feed when we take 
$30 per year as the value of a cow's feed. The butter produced 
by the other five cows tested for three years amounted to only 
$114.00 more than the cost of their feed during the same time. 
The milk of one cow, therefore, paid the owner within four dol- 
lars as much profit in three years as the milk of five cows in 
the same herd for the same length of time. 
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Farm B, — Five cow» tested each week, during the year ending Au 
guHt, 1898. The milk wag sold on a milk peddling route. 
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The cows of this herd were fed much more grain than is cus- 
tomary in this locality (see page 116), but even under heavy 
grain feeding conditions it pays well to test the cows, as is shown 
by comparing the record of the first two cows in the table with 
those of the last five cows. The excess of the two cows of but- 
ter over cost of feed was worth $60, while that of the five cows 
was worth only $58, Thus the owner received at the creamery 
$2.00 less for the milk of five cows than he did for that of two 
cows in the same herd. 



1^ 
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Fig. 36,— Cow No. 52. rroduced In one j-enr 286 lbs. butter i" 



Fabu H.— Eight cows tested ea-jk week through one period of lacta- 
tion during the year ending Augunt let, 1898, and once in two 
weeks during the year ending April 1st, 1900. 



a" 


Age. 


Fresh. 


&„".k; 


pays 


Total Pboddctioh, Lbs 


Cream. 


Uilk 


Fat. 




Milk 


TBBt. 


Fat 


Bat^,. 


mUk. 


65 


9 

1 




n'.8 

18.8 

18,6 

IS. 7 




SB 

73 
to 


291 
325 

S35 
334 

365 




m 

136 
t52 
462 
274 

S4; 


4.9 
3:95 


1 


350 
291 
383 
253 

286 
260 
149 


IBS 19 




















6Ga 


ss^^C'w':::::::: 

January, 'D7^ 


40 37 
39 60 
2S40 
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FiQ. 27.— Cow No. 55a, Produced li 



. butter worth t 



Farm E. — Record of four cows tented three years and one cow tested 
for two year»; weights and tests of each cow's milk were made 
each week the ftret year, once in two weeks the second year and 
once a month the third year. 



.Cow 


■'"■ 


Freeb. 


Aye. Dailt 


Days 




Cream- 


MUk 


Fat. 




uiib 


.... 


„. 


Batter. 


A 


C2' 
£2 
S2 


i 

3 
6 

E 
7 
S 


October, W 

October. 'OO ....;. 


27.2 

21* 

17;2 
M.9 

2512 
2S,B 

20^7 
13.2 


1 

1 
1 

_ 


12 
93 

S7 
S6 

63 


306 
325 
306 

242 
334 

317 
302 
300 
297 
312 


t 

I 

1 
E 

6 

S 


854 

oz; 
m 

985 

13 

143 


4.2 
5.2 


320 
286 

365 
285 

236 

312 
198 


373 
333 
369 
42S 
333 

275 
336 
333 

364 
330 
360 
231 


;eoG9 

68 18 
70.72 








G3 

ss 

BB 


'6^ober."'Sj" '.'.'.'.'.'. 
September, '98 ... 

AogUBt, '00 

Malch. ■« 




7 
8 

1 
8 


59 47 
44 4U 
66 44 
62 30 
64 87 


65 


March. ■«! 

October, '88 


60 27 



The points of special interest in the three years' record of this 
herd are, first, its uniform excellence as to animal production. 
Second, a comparison of the records and the pictures of the dif- 
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ferent cows. From the general appearance and form of cow No. 

64 some persons would consider her a much better dairy cowthan 
No. 65, but the records obtained with the Babcoek teat show that 
the creanierj_ value of the milk of No. 65 for two years amounted 
to $32.78 more than that from cow No. 64 during the same time. 
Third, the fact that the cows were ail fed and cared for by the 
oivner. This fact, it seems to mc, is one cause of the cows doing 
so well. Hired help and indifferent milkers are often the cause 
of poor records for dairy cows. 



t'ATtxF.— Nine cows tested through one period of lactation during 
the year ending August 1st, ISSS and April 1st, I90o. 



Cow 


Ase. 


Fresh. 


Ave. D*ilt 
Wbioht of 


Days 


Total Pboddction, Lbs 


CreaiB. 




MUk. 


Fat. 




Milk. 1 Test 


Fat. 


Butter 


A 


15 
71 

75a 
74 

73 

73a 

77 


6 


September, '97 ... 
November, '98 .... 

March, '99 

March '99 

January, '99 

March, '97 

February, '99 

MBFch. '97 

April, '99 


2S.3 
19.1 
12.6 

11.7 

14 3 

8^7 




12 
S2 

T7 
41 


m 

306 
36& 


1 


mi A 

2061 1 


a 


2fi^ 
205 

200 
2K 
184 
203 
155 


333 

2T6 
21B 
237 

m 


. 44 30 
43 79 
43 69 

10 33 
S3 99 
3190 
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2[id jcar, 336 llis. 



Fabm Q.— Eleven cows tested once in two weeks, during the year 
ending April 1st, 1900. 



s 


A«e, 








TCbioht of 


fSIa 


Total Prodoctiom, Lbs 


Cream- 




Milk 


Fat. 


Uilk 


Test 


Pat. 


Butter. 


z 


92 


5 


March. '99 
March, '99 
March, '99 
March, -SB 






W 

IS 
18 
18 
]8 

13 


1 

; 
1 

I 

i 


1 


03 

n 

90 
79 

77 


m 

m 
m 

g 

299 
284 
304 
270 


8 

t 


4S0 

1 


^ 


3 


1 

293 

286 
242 

2[I7 


34S 
342 

310 
282 

m 

241 


■ss 










90 

S5 


98- 




EG6S 


84 

S2 
86 


NoTember. 
November, 


9S 
98 




ES26 

4E16 
43 39 


















- 
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Fio. 30.— Cow No, 64. Terted two yenTs. Prodnoed Ut jear, 360 lbs. butter; I 



I H. — Eight cows tested once in two weeks during two years 
ending April, 1901. 



Cow 


A(M, 


Fresh. 


iWnn^ 


Davs 


Total Pbodcctioh, Lbs. 


Cream. 

,n'ff„ 




Milk 


Fat- 




Milk 


Test 


.... 


But-er. 




102 
103 

106 
1(6 
lOS 
101 

ra 

108 
108 

J5S 


'"2" 


September, '9E .. 
September, '00 .. 
February, ;99 ... 

December. '98 ... 

October, '00 

December, '98 ... 

March, '"98 ..'.'.'.'.'. 
Notember, '00 ... 
December, '99 ... 
December, ■«!... 

October, '00 

September, •» .., 


2^ 

21 
IE 

1! 
IE 

Ifl 
13 


I 
9 


1 


72 

98 
89 
8S 
82 
T4 
7B 

a 

« 


341 
281 

296 

259 
284 

302 
356 




0S4 
280 
950 

75( 
265 

12f 
3K 

49C 
164 
S9G 




2 
8 

3 

8 


290 
247 

291 
236 
285 

214 
210 
245 

2S1 
166 


338 
281 

1 

2S0 
245 
30S 

192 
S3 


I6EDS 
S2 41 

62 71 
66 92 
58 34 
54 37 
60 84 
49 25 
62 79 
45.57 
69 21 
46 66 
IT 23 
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Farm I. — Forty-nine cows were tested on this farm, but com- 
plete, records were only obtained from 24 cows for one lactation 
period. The cows were tested once in thirty days, between 
March, 1900, and June, 1901. The records of the cowa are 
given in the table in the order of the ereanery value of their 
milk: 



Total Pkoduc 







it; 
























986 


» 




q 






4B( 


■ 3 














W 


















3 



W7S5 
58 98 
6197 

60 00 



42 11 
40 «J 
M2T 
40 11 
35 34 



Farm J. — Four cowg tested once a month during the year ending 
May iBt, 1901. 



row 


Age. 

yre. 


Fresh. 


Ave. Daili 
Wbiqht of 


ilB 


rOTAL PbODDCTIDM, Lb8. 


J?£' 




Milk 


Fat. 


Milk. Teat, Fat. 


Buller. 


mOk. 


1 


1 


Jannar5. '00 '.'.'.'.'.'. 

March. '00 

September, '99 ... 


16*| 
16^6 


.79 
.77 




5,820T 4.2 246 
6.SS5I S,B 237 
fi,2]0| 4.4 230 
4,840| 4.1 170 
1 


28B 


(6114 

37 B7 
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Farm K.— Pour coins tested once in two weeks during two years end- 
ing May 1st, 1901, and three cows tested for one year. 



^" 


Age. 
yrs. 


Fresh. 


AVB. Uailt 
Weiobt of 


?ik'd 




"ST 




Uilk 


Fat. 




Milk 


Test. 


P>t, 


Batter. 


„si.. 


164 

164 ..,., 


Noveiuber, 'w'.'.'.'. 


IS 
1( 

n 

u 
i( 

10 






74 
48 


S65 

m 

34S 
276 
291 

331 




»4G 

8«e 

319 

so; 

536 




e 

E 
8 

8 


247 
203 

223 
114 

1B6 
ISB 


SOS 

260 
13S 
229 

s 

193 


154 El 








166 S 


Jgnuar/, -93 


22 J5 








56 
E7 










163 B 
m 11 
168 a 


November. 'B9 .... 


3SS8 

38 es 
86a 



The figures given furnish evidence on manyquestions on which 
the great majority of creamery and cheese factory patrons have 
more or lesa positive opinions. Probably very few farmers real- 
ize that there ia so great a difference in the production of the 
different cows in a herd as is shown by these reoorda, hut tlia ^,,1,, 
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records are undoubtedly a fair representation of tie 1,000,000 
cows that produce the butter and cheese of this state. As al- 
ready explained these cows were all measured by the same stand- 
ard, the weight and test of their milk for a year. About $10 
should be added to the factory value of the milk of each cow as 
given in the table. This represents about the average value ol 
the skim milk, 5,000 pounds at 10 cents per 100 pounds, 
and a veal calf three weeks old, 

. The extreme variation in the butter value of the cows on the 
different farms is shown in the following tabl : 



7'able showing varialioni during one year in 
of the cowa in each herd. 


he butter value 




No. of 


C&biueri'Pmd. 


, Cee*mbM Til-IIB OP 


Patron. , 


Totatcaah. 


^•Si- 


Beat cow. 


Poorest 


avsrage 




i 

s 

1 

u 
s 


■424 


»35n 

36 32 
38 S5 


K3 35 

II 

55 49 
6128 
BJ47 
«S16 
70 73 
60 2S 
ESTO 

66 08 
62n 

67 85 

Etei 
46 81 


23 61 

39 60 
28 40 
44 40 

69 47 
34 00 
3190 

17 23 
46 65 

14 56 

22 3B 
36 69 


















22B 


47 70 
38 00 














2W 


a» 


































6G3 
333 


Si 


















293 
248 


38 60 
37 00 
3100 








K-1901 


42 00 



If, as stated, each fanner fed all his cows in the same way, 
and the time and labor of milking and feeding the cows was 
approxLmatelv the same for both good and poor cows, it follows 
that it did not cost any more to feed the best than the poorest 
cows in herd. The information furnished by such tests as these 
may be very valuable to the owner of the cows, and it should be 
of vital importance to the cow, as her life ought to depend on the 
record she makes. Previous to making the tests the owners of 
these cows had very little, if any, accurate idea of the relative 
value of their cows, but the records show that the information 
gained is worth many times the cost of a milk scale and Babcocfc 
jnilt ieei^ wtd the time necessary to use them. vjiOO^jIc 
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THE TRaWBRIDGE METHOD 0? CALIBRATING 
BABCOCK TEST BOniES. 



B. H. FAERINGTON. 

Since the Babeock milk test became generally adopted, a great 
■ deal has been said and written in regard to the necessity of hav- 
ing the test bottles correctly graduated. The accuracy of the 
graduations is considered to be of so much importance in some 
states that, laws have been passed and inspectors appointed to 
examine the pipettes, the acid measures and especially the teat 
bottles in order to make sure that properly calibrated glassware 
is in use. 

The methods of testing the graduations of the v/hole milk teat 
bottles have, in the past, required such careful and delicate man- 
ipulations that not every one who uses a Babcock test feels 
capable of undertaking an examination of the bottles to see if 
they are eorre^jtly made. The space between the and the 10 
per cent, marks of the scale on the necks of the bottles should be 
exactly two cubic centimeters and a weighed quantity of mer- 
cury, or a pipette that will deliver exactly 3 cubic centimeters, 
have be^i the standards used in examining the t«st bottles. 

A much simpler way of inspecting the graduations of milk test 
bottles has been proposed by Mr. O. A. Trowbridge, a creamery 
butter maker of Columbus, Wisconsin, He conceived the idea 
of measuring the capacity of the scale on a milk test bottle by 
means of a thirty-penny iron nail which he carefully filed until 
it was just large enough to displace 2 c. c, of liquid. A piece 
of fine copper wire served as a handle for lowering this into the 
neck of a test bottle previously filled with water to the zero 
mark. If the graduated scale of the bottle is correct the water 
will rise exactly to the 10 per cent, mark when the iron measure 
is entirely submerged in the water. 
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The principle of this method is ah entirely correct one and 
the idea is & valuable contribution to the Babcock test apparatus. 
One of the standard measures was sent to me by Hr, Trow- 
bridge, and several comparisons have been made with it and the 
other methods previously used for calibrating test bottles. The 
comparisons showed the Trowbridge method to be one that can 
be used by all persons capable of testing milk ; one of these stand- 
ard measures should be included in the outfit accompanying each 
Babcock milk test. 



A * 



•\ 



Pio. az.-^bon's the original Trowhrldge 



It is necessary to have the inside surface of the neck of a test 
bottle absolutely clean and dry before it is calibrated. A film 
of grease interferes with the forming of a meniscus and renders 
an exact reading very difficult. The test bottle must be thor* 
oughly cleansed «nd the inside of the neck wiped dry with a 
clean dry cloth. The bottle is then filled with wal«r to the zero 
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mark of the scale and the perfectly dry standard measure low- 
ered into the water until the upper end of the measure is just 
below the 10 mark of the bottle. If the water rises exactly to 
tiiis 10 mark, the 10 mark is accurately placed ; buj any varia- 
tion in the height of the water above or below the 10 mark shows 
incorrect graduations. 

When lowering the measure into the test bottle the operator 
should make sure that no air bubbles are left in the neck below 
the surface of the water or adhering to the measure; wal 
should not be forced above the 10 mark on the neck during t 
calibration as the thin film adhering to the surface of the gla 
may be sufficient to affect the reading. If these precautions a 
observed in using this calibrator it will be found a very satisfy 
tory piece of apparatus. About the only objection which C! 
be raised to it will be caused by a dirty or greasy surface of t! 
neck of the test bottle. This difficulty can be so easily overcoc 
that it seems hardly worth mentioning. 

A slight modification of the original Trowbridge idea has be< 
made by the instrument makers, Louis Nafis Co., of Chieag 
They have placed on the market an instrument which will te 
the 5 per cent, mark of the scale as well as the 10 mark. "W 
have used two of these and found them to be very satisfactor 
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PRINT CHEESE. 



E. H. FARRINGTON. 

Manufacturers and dealers in food products of all kinds are 
more or less familiar with the advantages to be gained from a 
neat package and an attractive appearance of the articles offered 
for sale. Style and finish are important factors in trade and in 
making a selection the consumer is influenced by the appearance 
as well as by the quality of the product. This is well understood 
by progressive manufacturers and dealers in dairy products, and 
the necessity of careful attention to these details is continually 
being urged upon every one connected with the dairy industry. 
More consideration in this direction seems in the past to have 
been given to butter than to cheese, and excepting some hig'h- 
priced small packages and jars, the bulk of the cheese is still 
made in large sizes which are cut into awkward slices and sold by 
the pound at groceries. 

One of the moat popular butter packages is the one-pound 
print. In some markets print butter is quoted at one cent or 
more above the ruling price of other butter, which may be of 
the same quality but is put up in a less attractive package. This 
popularity of print butter shows that it is profitable to study the 
market demands regarding the shape and the appearance of 
dairy products as well as their flavor, texture and other qualities. 

On account of the demand for print butter the manufacturers 
and dealers in dairy supplies have designed a number of ma- 
chines and appliances for economically molding tbe butter into 
print forms. These machines vary somewhat in their construc- 
tion and manipulation, but they all make the one-pound print 
of about the same dimensions, 2V3 x 2% x 4^^ inches. In some 
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printere a carved board is placed on one side of the mold into 
which the butter is pressed and this makes an impression in each 
print of some design or letter which has been selected as a brand 
or trade mark bj the manufacturer. So much attention baa 
been given to the subject of butter printing that the details of its 
manufacture are now satisfactorily worked out. ■ 

The favorable reputation which print butter has attained sug- 
gested to the writer the possibility^ of applying the idea to the 
manufacture of cheese. Why cannot cheese as well as butter be 
molded into one-pound prints ? After studying this question for 
two years we are prepared to say tiat this new form of cheese 
can be made and that it is received with much favor by the con- 
sumer. Our first print cheese was made during the winter of 
1898-99, Since that time some of the details in its manipula- 
' tion have been changed but the general plan of the operation is 
the same as originally carried out. In so far as the cheese is 
concerned we have made no deviation from the usual process of 
cheddar cheese making but have modified the pressing and the 
"follower" used in the press, 

Method of making print cheese adopted. — The Cheddar cheese 
curd is placed in a mold or hoop of rectangular shape, the bot- 
tom or "follower" of which is a carved board. This board 
makes the impression of the raised letters U, W, (University 
of Wisconsin) and the grooves which mark the cheese into 
prints, as shown in the Fig. 33. Each section on which the 
U. W. is stamped represents one-half pound of cheese, two sec- 
tions making one pound. This one pound print of cheese is 
about the size of a one-pound print of butter. Its length and 
width are determined by the carving of the board which may be 
made of any size or design to suit a particular trade; the thick- 
ness of the block is of course regulated by the amount of curd 
put into the mold each time. The cheese shown in Fig. 33 
weigh between fifteen and sixteen pounds each and will cut into 
fifteen one-pound prints. The dimensions of each block of fif- 
teen prints are lli/^ x 1S^^ x 2^^ inches thick. Each print ia 
2^ X 2y2 X 414 inches in size. 

Our cheese have been pressed in an upright press, the carved 
board placed at the bottom of the rectangular mold and the baud- 
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age cloth cut to cover the carved board, sides and bottom of the 
cheese. The ends of the bandage cloth come together on the 
smooth side of the cheese and the cloth is cut so as to make 
smooth, neat corners, 

A metal hoop similar to the cheddar cheese hoops with fasten- 
ers, etc., can doubtless be made for this kind of cheese so that 
they may be used in horizontal gang presses and a number of 
them put to press at the same time. By carving both sides of 
the board it can be used for molding two cheese when the board 
ia placed in the press between the cheese. 



FiQ. 33.— Cheddar cbeese made for cutting Into one-pound prints. 

We have no difficulty in curing these che^e in the same way 
o y^u^A-,^ cheese is cured. The bottom and sides should be 
d the cheese turned occasionally, although it should 
. the carved surface for a very long time. By exer- 
;tle care in handling these cheese during the curing 
J can be kept clean and attractive in appearance, and 
de from good milk will develop an acceptable flavor 
er with the trade mark branded into each pound will 
in protecting the reputation of cheese from a certain 
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factory. Our print cheese have been cured in our regular Ched- 
dar cheese curing room at a temperature of 50-60 degrees F, and 
a relative humidity of 60-70 degrees. It is very likely that 
print cheese may be satisfactorily cured in cold storage, and that 
the cheese so cured will possess a minimum of rind, with an ex- 
cellent flavor and texture. 

This idea has not been patented by the writer ; the cheese made 
at the Dairy School have been inspected by many visitors, includ- 
ing manufacturers and dealers, who have expressed thenj""^"'" 
very favorably concerning the possibilities of the manuf 
of print cheese. 
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INFLUENCE OF COLD-CURING ON THE DUALITY OF 
CHEESE. 



S. M. BABCOCK, H. L. RUSSELL, A. VIVIAN abd U. S. BABR. 

The temperature environment in wLieh cheese is placed dur- 
ing the ripening period is known to exert a most profound effect 
on the quality and therefore on the value of cheese. Practical 
experience has shown that tlie poorly constructed curing room, 
which unfortunately is so commonly found, and in which the 
daily temperature variation follows quite closely that of the 
outside air, is not suited to the development of the most de- 
sirable flavor of cheese. In such rooms, where the temperature 
often reaches 80° F. or above, the cheese ripens very rapidly, 
and acquires not only a poor texture, but also a rank, sharp 
taste which ia not acceptable to the general market. The failure 
to recognize the importance of controlling this factor of tempera- 
ture costs the cheese industry of this country large sums every 
year, a tax which is levied and collected from ignorance and in- 
difference, and which is out of all proportion to the cost of main- 
taining a suitable temperature control. 

I detailed in the. Fourteenth Annual Report (p. 
nation for 1897, may be referred to for confirma- 
it of high temperatures (70° F. and above) upon 
of sharp and undesirable flavors, 
n with investigations that have been made on the 
w temperatures (below and somewhat above the 
I, on the activity of galactase in cheese; we have 
idy the development of cheese flavors under tem- 
:,ions much lower than those heretefore employed, 
be reported upon covers several different series 
i which have been made during the last four 
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years. In some of these series it is believed that a sufficient 
number of che^e have been made to warrant conclusions of a 
rather definite nature. It will, however, be necessary to test the 
validity of these conclusions under varying commercial condi- 
tions before they can be unreservedly accepted in commercial 
practice. 

It is to be r^retted that experiments of this character must 
of necessity extend over such long periods of time, but this is 
a dirBculty inherent to tho question that can be met in no other 
way. The results obtained in the various series are herewith 



The first experiment along this line was designed to show the 
effect of low temperatures on the activity of galactase. For this 
purpose two cheese were made on February 27, 1899, and sent 
immediately to Hoard's cold storage rooms at Fort Atkinson. 
These cheese were placed in the 'butter room at a temperature 
that was kept below freezing (25°-30° F.) for most of the 
time. They were removed at the end of 14 and 17 months, 
respectively, and examined chemically as well as for quality. 
These cheese showed a thoroughly broken down condition with 
an almost perfect texture, and an extremely mild flavor with no 
trace of any bitter or undesirable taint. They were utterly de- 
void of the sharp tang that is invariably found in old cheese 
ripened at high temperatures, indicating that the breaking down 
of the casein is to a large extent independant of the production of 
the peculiar flavor that is normally found in matured cheese 
ripened even under good temperature conditions (60°-65° F.). 

The analytical data with reference to these cheese are as fol- 
lows : 

One cheese was removed from cold storage when fourteen 
months old, and another at the end of seventeen months. These 
were analyzed with the following results : 
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Tablb I.— Chemital analynes of cold storage ohceae. 
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Per Cent. OF Nit 
Bodies. ^ 


Xm 




11 mouths. 


17 months. 






.30 
,28 
.12 

2.63 

























29 










5. 







Althougli these cheese were fourteen and seventeen months 
old and were perfectly broken down physically, yet the soluble 
nitrc^enoua bodies present were only about as much as are ordi- 
narily found in a three months' old cheddar ripened at ordinary 
temperatures (60°-65'^ F.). 

These cheese were examined bacteriologically when removed 
from cold storage and lactic acid-producing and inert species 
were found to predominate. Very few liquefying forms and no 
; organisms were obtained. 



n of this experiment was begun in May, 1900, in 
were cured not only below freezing but at tempera- 
from 33°-60° F, In this series, varying quantities 
act were used in order to determine if an increased 
ng could not be secured in this way without detri- 
y. These cheese were made on successive days but 
■.he same amount of rennet were made on the same 
e same vat. 

examined at intervals of a few months apart, and 
ne6 chemical analyses were also made. The re- 
examinations are as follows : 
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a II. — Chemical analffges of cheese made with S, 6 and 9 
rennet and ripened from JS" to 60° F. 
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INTEEPEETATION OF CHEMICAL DATA. 



A comparison of the cheese ripened at various temperatures 
and containing the same quantity of rennet shows that the 
amount of soluble nitrogenous bodies increases with the ripening 
temperature. Even the cheese kept below freezing (15° F.) 
showed a marked increase in soluble proteids, thus indicating 
that the decomposition of the casein can go On at extremely low 
temperatures where living organisms are not generally supposed 
to be able \o develop. This point is of special interest, inas- 
much as it raises the question as to the ability of non-vital fer- 
ments (enzymes) to act on organic matter under conditions 
which would seem to preclude the possibility of the development 
of living ferments (bacteria). 

When cheese are ripened at varying temperatures, not only 
is the total soluble nitrogenous matter increased at the higher 
temperatures, but the lower decomposition products (amids in- 
cluding ammonia) are likewise larger. This increase of amido- 
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3 is undoubtedly due to tlie facilitated activity of ga- 
lactase at higher temperatures, and is wholly independent of the 
amount of rennet employed. 

A comparison of cheese made with varying quantities of ren- 
net and ripened at the same temperature shows that the increase 
in rennet is accompanied by an increase in total soluble proteids, 
which is wholly confined to those groups characteristic of peptic 
digestion, which we have previously shown to be due entirely to 
the pepsin contained in the rennet extract.' 

While the ripening of cheese at low temperatures goes on 
slowly, and therefore necessitates a much longer curing period, 
this disadvantage may be overcome in a measure by the use of 
increased quantities of rennet. Reference to table shows that a 
, nine-ounce rennet cheese, ripened for fourteen months even be- 
low freezing, contains almost as much soluble nitrogen as a ten- 
months'-old three-ounce rennet cheese ripened at 50° F. The 
action of increased rennet on the quality of the cheese vrill be 
noted under the following head, in which the commercial charac- 
ter of the cheese is discussed. 

QUALITY OF CHEESE IN SERIES II. 

As no facilities for temperatures below freezing were avail- 
able 'at Madison, it was necessary to ship cheese to outside points 
for storage. Under these conditions it was impracticable to 
examine the cheese as frequently as desirable, and moreover, the 
inevitable fluotuations in the temperature of the curing rooms 
could not be closely watched. 

During the early part of the curing period these cheese were 
only examined at intervals of some months, but later, more fre- 
quent tests were applied to determine the course of the ripening 



Table III includes the numerical and descriptive scores as 
made by Mr, Baer, together with his estimate of the commercial 
value of the cheese, based on a ten-cent market. 

Mr. Baer found great difficulty in comparing these cheese, the 

, temperature of which differed so widely. To overcome this, the 

cheese plugs were drawn and placed in tightly stoppered glass 

'17tl» Kept Wis. Exp. Stat, 1900. p. 102. 
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tubea, and after they had warmed up were scored in the usual 
way. The last score made when sixteen and one-half months old 
was from plugs drawn from the warmed-up cheese, two days 
after removal from cold storage. These scores were invariably 
higher than tJiose made from the warmed-up plugs and seems 
to indicate that it ia more desirable to score from the cheese 
itself than from warmed plugs alone. 



Tablb III.— Scores and commercial value of cheese made with 3 o 
of rentiet, and ripened from I5°-60° F. 
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Scores and oo mmeroial value of cheese made with 6 o 
And ripened Jrom 1S°-6C° F. 
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lal value of cheese made with 9 ojs. of rennet, and 
ripened from IS" to 60° F. 
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Cheese made with normal amounts of rennet {S ozs. per 1,000 
lbs. milk). — ^When this series of cheese, made with normal 
amounts of rennet (3 ozs. per 1,000 lbs. milk) and ripened at 
temperatures ranging from 15°-60° ~E., is considered as a whole, 
it is to be observed that for the first twelve months of the curing 
periodj the flavor was perfectly satisfactory with no trace of bit- 



^cibyGoQl^lc 



I 



144 Eighteenth Annual Re^bt op the ' 

temfess or undesirable taint-3. Beginning witli the score made at 
twelve and one-half months, the flavor was slightly sour, which 
condition became intensified with increasing age. It should, 
however, be noted that this condition was not confined to the 
lower curing temperatures but was even more pronounced with 
those temperatures that have heretofore been considered ideal 
(50°-60° r.). This would seem to indicate that the impair- 
ment in flavor was not so much attributable to the low ripening 
temperature employed as to some condition inherent in the milk 
or method of manufacture. This fact is emphasized when one 
considers that a cheddar cheese made with 3 oz, rennet per 
1,000 lbs. milk, and ripened at 60° F., ought to have been in 
prime condition at any time up to the end of this experiment. 
In the case of this cheese, a bitter flavor was noted when ten 
months old, , and deterioration is observable from the first, in 
view of the fact that the color became cloudy and bleached when 
only seven and one-half months old. In the cheese cured at 15°, 
S3°, and 40° F., the flavors were generally low and clean with 
the exceptions above noted. In the higher temperatures the 
flavors were more pronounced, although they did not score nu- 
merically any higher than those cured at the lower temperatures. 

With reference to te.xture, this whole series is slightly too dry, 
thus tending to mealiness, a condition determined by method of 
manufacture. In body and color the lower temperatures gave 
better results throughout, a meaty body and even color prevail- 
ing for at least a year. 

Cheese made with 6-oz. rennet per 1,000 lbs. milk. — In Table 
III is detailed similar records regarding the cheese of this series 
made with double the quantity of rennet. This was done to ■ 
determine the influence of higher rennet on the length of the 
curing period and on the quality of the product when ripened at 
relatively low temperatures. 

In this set, the flavor was improved in all cases except the 
highest temperature (60° F.), which went "off" rapidly. Even 
at freezing temf^ratures the flavor was clean and nearly perfect, 
scoring 44,5 at ten months. Subsequently these cheese, and to 
a less extent those cured at 33° F., became slightly sour, similar 
to those made with the lower amount of rennet. The cheese 
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cured at 40° and 50° F. were of excellent quality, both as to 
flavor and texture. The higher rennet gave a somewhat more 
open body which was greatly pronounced at the higher temper^ 

atures (see figa. 34, 35). 
The same condition was 
noted with reference to 
color, the cheese becoming 
mottled and then bleached, 
whenever there was a ten- 
dency toward openness in 
body. This was less 
marked at lower tempera- 
tures and did not appear 
until later in the life of the 
cheese. 

Commercially, theso' 
cheese were better than 
those made with normal 
rennet, except those cured 
at 60° F. At this temper- 
ature or above, six ounces 
of rennet is detrimental, 
but when cured at 50° F. 
or below, this increase in 
rennet facilitates the ri- 
pening without impairing 
the quality. The best 
cheese were those ripened 
at 40° F., which were 
rated at seven and one-half 
months higher than stand- 
ard values. Even those 
ripened at 33° and 15° F. 
were up to stan< 

. .111 turo cut tbo value of tiiis clioese Bevarai ceat« 

ten months old. per pound. 

Cheese made with 9 ounces of rennet per 1,000 lbs. of milk. — 
Table III shows the effect of three times the usual amount of 
rennet. This increase of rennet still further hastens the curing 

10 .- I 
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process at all temperatures. The flavor of these cheese was mack 
better at temperatures below 60° F. thaa when only three ounces 
of rennet were used, but as would be expected, was greatly im- 
paired at 60° F, At 40° and 50° the flavor was nearly perfect 
at all periods of the ripening. Even after fourteen and one-half 
months no bad flavor was noticed except that caused by molds 
which had developed in the numerous holes made by removal oi 
samples. The texture of all cheese except those ripened at 60' 
was better than when less rennet was used. Those ripened al 
40° and 50° F. had nearly a perfect texture throughout the 
whole experiment. In spite of the high quantity of rennet em- 
ployed no bitter or other disagreeable flavors usually associated 
with the use of high rennet was found at the temperature of 50° 
F. and below. Commercially the cheese kept at 40° and 50° 
scored above the standard. 

WHITE SPECES IN CHEESE. 

One very peculiar condition was noted in all of these cheese 
held at temperatures of 50° F. or below, and that was the ap- 
pearance of small white specks that were more or less uniformly 
distributed throughout the whole substance of the cheese. These 
were found not only in all of the cheese containing three ounces 
of rennet and ripened at 50° F. or below, but were equally 
numerous in the remainder of this series which contained six 
and nine ounces of rennet per 1,000 lbs. of milk. 

Further, we may say that all succeeding series kept under 
these tempei^ture conditions have shown this same peculiarity. 
The appearance of this condition had not heretofore been noticed 
by us in cheese and upon inquiry among cheese dealers who han- 
dle cold storage stock, it was found that some had observed such 
a phenomenon, but considered it of no consequence, as it did not 
affect the commercial value of the cheese, Jlr. Baer has since 
found this condition more or less pronounced in a number of cold 
storage plants in the state. 

In our experience, these specks can only be recognized with 
the closest scrutiny if examination of the plugs is made when 
first drawn. If, however, such plugs are allowed to warm up, 
these tiny opaque white points become pronounced and readUy 
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distinguishable from the translucent yellowish body of colored 
cheese. The nature of these epecks and the conditions govern- 
ing their appearance are subjects still under investigation. It 
was thought that this condition would be more obscured in un- 
colored stock, but experiments made on this point show that the 
white speck appears even under these conditions. The appear- 
ance of thea^ spedra did not affect the flavor or general quality 
of the cheese. 

' COMMEECIAL VALUE, 

When judged by the commercial value placed on these cheese 
by Mr. Baer at time of scoring, it is to be noted that the price 
per pound was higher for cheese ripened at 40°-50° F. than 
for the bigher temperature. Even the value of the dieese 
ripened at freezing or below was equal to or better than the value 
of the 60° F. product, but of course the increased period of 
curing necessary at these lower temperatures renders this prooees 
more expensive. 

The use of lower curing temperatures also results in a much 
less marked development of mold. Although these cheese were 
cured in boxes, those kept at 40° F. and below developed little 
or no mold for nearly a year. At this time those ripened at 
higher temperatures were completely covered with a black coat- 
ing of mold. In the later history of the low temperature cured 
cheese some mold did develop, but even the worst cases did not 
reach a development that almost always accompanies the ripen- 
ing of cheese in rather moist rooms kept at higher temperatures. 

DISCUSSION OF RESULTS OBTAINED IIT SEEIES II. 

In this series, made with varying quantities of rennet, it is 
markedly noticeable that the increase of rennet over the normal 
(3 ozs. per 1,000 lbs. of milk) materially affects the rate of 
ripening, and therefore the commercial life of the cheese. This 
rate is directly dependent upon the curing temperature. With 
the cheese made with the higher quantities of rennet and ripened 
at the highest temperature employed (60° F.), the quality of the 
cheese was impaired to such an extent as to render the product 
practically worthless at all stages. This condition was less^ob- ■ 

v_TOOglc 



148 Eighteenth Annual Repobt op the 

Bervable with the smaller quantities of rennet, but even where 
only three ounces were used the period at which the cheese was 
saleable was only of a few months duration. It should be 
borne in mind that these temperature conditions have heretofore 
been considered as quite satisfactory for the proper curing of 
cheese. It should also be noticed in this series that on account 
of either a poor condition of the milk or the method of making, 
the "life" of the cheese was considerably shorter than that of 
a first-cla^ Cheddar made Tinder more favorable conditions. 



of cheese. 

When the cheese of this set were compared with those contain- 
ing varying quantities of rennet and ripened at lower tempera- 
tures (15° to 50° r.), the character of the cheese was without 
exception better, except at the lowest temperature (15° F.). 
With this exception the effect of these lower temperatures was to 
prolong the period during which the cheese were saleable, al- 
though it must be kept in mind that under these conditions the 
rate of ripening was retarded. 

The relation of temperature and quantity of rennet to the 
commercial life of the cheese can perhaps be more readily un- 
derstood by reference to the schematic diagram presented (fig. 
36). In this diagram mathematical accuracy is not attempted 
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but simply the general relation is presented. From the ob- 
servational data reported in Table III, it is apparent that high 
rennet and high temperatures are incompatible, but that high 
rennets are advantageous when the ripening temperature is kept 
at 50° F. or lower. Such cheese ripen more rapidly and are 
devoid of all sharp flavors that accompany the use of large 
amounts of rennet at higher temperatures (60" F. and above)., 
In those esperimenta in which cheese were kept below freez- 
ing (15° F.), the casein of the cheese is to a considerable extent 
rendered soluble, but the physical symptoms of ripening are not- 
marked, although this is more pronounced when larger quan-- 
titles of rennet were used. The cheese kept at 15° F. while 
promising well for the first year of the curing period, later 
went "off" in flavor, a condition quite different from that found 
in Series I. It is doubtful whether this should be wholly at- 
tributed to the influence of the low curing temperature, when 
it is observed that the flavor of the cheese made with three ounces 
of rennet and ripened under normal conditions was impaired in 
course of time at all other temperatures. 



FiO. 37.— Ctieese made with three, six aod nine oaDCea of rehnet andCcuied at 40° (lower 

In the above series the b^t results were obtained from a com- 
mercial point of view whrai the cheese were cured from 40°-50'' 
F. At these temperatures it appears to be permissible to use 
two or three times the normal amount of rennet. The accel- 
erated rate of ripening without impairment in quality reudws 
the use of these larger amounts of rennet drairable. Whenever 
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extra quantities of rennet are used, it is necessary to place the 
cheese at a low temperature very soon after they are taken from 
the press. 

EELATIOir OF BODY AND TEXTURE TO CUEING TEMPEEATUEB AND 
AMOUNT OF KEN NET USED. 

The effect of a variation in amount of rennet used and the 

temperature at which the 

cheese ia cured on the body 

and texture is strikingly 
shown in fig. 37, which in- 
cludes the aeries of cheese 

containing 3, 6 and 9 

ounces of rennet at 40" 

and 60°. From this iigure 

it is evident that the larger 

amounts of rennet in 

cheese ripened at 40"^ 

makes even a better body 

than the normal amount of 
rennet at 60°. Compare in 
Pig. 37 (opposite page) 
upper left hand cheese (3 
ounces at 60°) and lower 
right hand cheese ( 9 
ounces at 40°). These 
cheese are shown on a 
larger scale in figs. 38 and 
39. Similar results were 
obtained with reference to 
body with the cheese cured 
at 15° and 33° F., but 
when these cheese are left 
in storage for long periods 
of time the close meaty 
body disappears. 

It is noteworthy that 

when the color of any of *'"'^-f''FeBeopntainitiBtbreBoonoesot™Dnot 
J ^ and ripened at 40" and 60" F.(nppet). 

the cheese is bleached that 
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it bears a close relation to tlie formation of the irregular ragged 
holes that generally characterize a high temperature cured 
cheese. This is shown particularly well in Figs. 34-39, in 
which the ragged holes 
are generally surrounded 
by a bleached area. This 
follows the division lines 
of the curd particles and 
precedes the formation of 
the ragged holes. 

With the cheese cured 
at subnormal tempera- 
tures, 15°-33°, the color 
was clear for the first 
twelve months. Later 
these cheese became wavy 
in color and it should be 
noted that at the same 
time the body of the 
cheese changed from 
close to loose. 



On March 15, 1901, 
another set of cheese 
made at the Dairy School 
from normal milk (3.9;^ 
fat), with three ounces of 
rennet per 1,000 pounds 
milk, was taken for an 
experiment and ripened 
at 15°, 40° and 60° F. 

andripenedat«'>audtw" r.(upperj. examined at two, thtse, 

five and seven months and the following scores recorded at 
these respective ages. This experiment is not yet completed, 
but results are submitted down to date as shown in table IV, 
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Table IV.—Scores of cheese in Series III. Cured at Of, 4<f and 6t/' F. 
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DISCDSSION OF RESULTS OBTAINED IN 



This series is included in an experiment made to determine 
the influence of varying quantities of fat on the ripening at 
different temperatures. Only the cheese made from normal 
milk are, however, included in the data here presented. 

From Table IV it appears that the cheese ripened at 60° I". 
was of excellent quality when three to five months old. That 
kept at 40° F. did not of course develop as rapidly, hut it should 
be noted that at the time of last scoring (seven months old) it 
was superior to the one kept at 60° F., but had not yet reached 
its prime, especially aa to flavor. The lengthening of the com- 
mercial life of the cheese at the lower temperature is evident 
when compared with the one kept at 60° F., which at time of 
writing was considerably past its prime. 

The cheese kept at 15° F. is now only of fair quality, the tex- 
ture being soggy and body open. 

The result of this test is in accord with those obtained in the 
preceding series. 
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Realizing the advisability of using milk from different re- 
gions, and also making a large numl)er of cheese from the same 
milk, a new series of experiments was started in May of the cur- 
rent year. Mr, Baer made this series at one of the factories of 
Mr, H. J. Noyes of Muscoda, Grant county. Normal milk was 
used and the ordinary quantity of rennet extract (three ounces) 
employed. These results are presented to date, "but this experi- 
ment also will not be completed for the lower temperatures for 
some time to tome. The data here presented in Table V is 
therefore simply a progress report : 







Tablo V.- 


Score 


of cheese in 


erieaJV. 




■U 


■s 

ll 


montha 
when ei- 
emiaed. 


Commer- 
ciol 

(100. per 


3C0RB9. 


DEaCKIPTTVB SCOBBB. 


Ueuabeb. 


ll 


FW. 


Teit're 


Flavor. 


Texture, 


Body. 


Color. 




78 
81 
77 


3_ 


70 

«'o 

S.O 
lu'.O 

■11 
!8 


32 

3t 
42. S 

n 


W 

24 

m.i. 

27 




c°h5 ■■ 

Fair:... 
Cardy .. 

&:: 
til: 


Close... 
Louse... 

glZ::: 


P 










Tsloped 


Etod. 










Clean, 
low. 




ao'F- 




Bsen. 


r-,— 

















id because oCoxceeslvi 



DISCUSSION OF EESULTS OBTAINED IN SEKIE8 IV. 



In this series, the cheese cured at the usual curing tempera- 
tures (60° F.) were for the first few months of excellent quality, 
thus indicating that so far as milk and manufacture of product 
were concerned, good results were to be expected from this 
series. The cheese kept at this temperature were placed in the 
new underground curing cellars at the dairy building immedi- 
ately after their completion, and before the same had dried out 
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The esceaaive moisture under ttese conditions injured the qual- 
ity of the product so that when examined at the five montlia' 
period they were discarded as unfit for further use. 

The cheese cured at 40° and 50° T. both continued to improve 
with age and at the present time (five months old) are prac- 
tically perfect in texture, but are a little low in flavor. They 
eeore now above the market standard, and if further devel- 
opment of flavor should continue will undoubtedly improvs in 
value. 



FiQ. 40.— Cbeese ripened at lEi° P. 

Those kept at freezing temperature (15°), while partially 
broken down to the touch, have a soggy, curdy texture, and the 
flavor is, as yet, entirely undeveloped. They will probably not 
develop into cheese of even an average quality, if kept at these 
low temperatures. 

In addition to the cheese above d^cribed in this series, eight 
other cheese made from the same milk were taken and kept in a 
cold curing room from 50°-60° F. for two and four weeks be- 
fore they were placed under the same temperature conditions 
as the cheeee of this series. This was to determine the influence 
of preliminary ripening before cold storage curing, and the re- 
sults wiU be presented later. 

Without a single exception these results accord with those be- 
fore presented. The cheese kept at 40° and 50° F. were in all 
cases valued from one-eighth to one-half cent per pound above 
the ten-cent standard. In flavor they ranged from 42.5 to 44, 
being marked down from perfect (45) only because they had not 
developed quite as high flavors as required by market demands. 
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The texture of these cheese was almost perfect in all caseB. 
Those stored at 15° were improved over those placed at such 
temperatures directly from the press, but were not up to stand- 
ard quality. 



FlO. 41.— Showing tcsture ot 'cheese cnred at «° (waxy) aod 60° F. (croilibly). 

The general conclusion from this series of experiments sub- 
stantiate that drawn from the preceding aeries and indicates that 
temperatures ranging from 40°-50° F. may be employed with 
perfect safety and with advantage for the curing of Cheddar 
cheese, even when such cheese are placed at those temperatures 
directly from the press. One great advantage gained under these 
conditions is the lengthening of the period during which the 
cheese is at the highest state of perfection. In no case was there 
found any semblance of a sharp, bitter, or in anywise disagree- 
able flavor, and while the flavor was somewhat mild, the texture- 
of the cheese was beyond criticism. 

GENERAL CONCLUSIONS. 

Influence of Ibw temperature curing on quality of cheese. — 
In these experiments we have attempted to determine the influ- 
ence of lower than usual temperatures on the curing of Cheddar 
cheese. The results obtained seem to warrant the conclusion 
that these temperatures may be employed with perfect safety, de- 
spite the fact that such have been generally regarded as produc- 
ing bitter flavors. Not only have we found in our experiments 
that no hitter or other undesirable flavors have been produced, 
but that the quality of cheese cured under these conditions was 
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on the whole better than that of those ripened at the more usual 
temperatures employed (60° F. and above). 

Good results have been obtained at all temperatures from 33'' 
to 50° F., although more uniform results were obtained from 
40°— 50° F. This indicates that the ordinary temperatures se- 
cured in cold storage rooms are suitable for this purpose. The 
experiments made at temperatures below freezing show that the 
course of ripening is not normal and these cannot be recommend- 
ed for general practice, although the casein of cheese breaks 
down even under these low temperature conditions. 

1. Flavor. — As the rate of ripening is considerably retarded 
by the lower temperatures used, the intensity of flavor found in 
these cheese was naturally less than with cheese ripened at 
higher temperatures. Even though the low-temperature cheese 
were ripened for longer periods, the flavor was always mild, in- 
dicating that the character of the decomposition products was 
different. In no ease was there any of the sharp flavors that 
characterize old cheese ripened at the usual temperatures. This 
fact is very significant in indicating that the physical breaking 
down of the casein and the production of the peculiar flavors that 
characterize ripe Cheddar cheese arc quite independent of each 
other, although under normal temperature conditions the two 
processes progress simultaneously. 

2. Texture. — The effect of these low temperatures on texture 
is very marked. Almost without exception in the cheese cured 
above freezing, the texture was improved over that noted in tiie 
higher temperatures. In the earlier stages it had a tendency 
toward curdiness, but broke down into a waxy texture in time. 
When such cheese were examined chemically, the soluble nitro- 
genous products were never as large as the physical appearance 
of the cheese seemed to indicate, showing that the breaking down 
of the casein is not necessarily associated with soluble products. 
Below freezing a soggy, crumbly texture was often noted. 

3. Body and color. — Generally a meaty body of a good cheese 
has a tendency to become loose as the cheese gets older, and the 
color is also cut more or less. This effect is intensified, especial- 
ly when large amounts of rennet are used. This condition ia 
much less -marked in cheese cured at those lower temperatures 

in which the body remained quite firm and the color 6™Q*~,-,,^n|p 
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White species in cold cured cheese.—ln all the cheese cured 
below 40° r. small, opaque whitish specks were produced which 
were scarcely noticeable when the plug was cold but became 
apparent upon warming. An examination of cold storage goods 
in various places revealed the fact that this was a common oc- 
currence and in the judgment of buyers was neglected as a fac- 
tor in determining values, as these specks were generally incon- 
spicuous and apparently had no effect on the flavor of the prod- 
uct The nature of these bodies is yet nnder investigation. 

In all of the experiments detailed above the cheese were 
placed in cold storage direct from the press and the resists ob- 
tained indicate that such cheese are sufficiently firm to hold their 
shape and bear storage well. ■ Generally cold storage goods are 
given ii preliminary cure for a week or so to develop a rind arid 
ror but this is frequently dangerous in factories not 
th proper curing rooms. 

:e in these experiments that were ripenedfrom the 
at to 50° T". were of better quality on the whole than 
1 at higher temperatures and were judged by various 
orth more than the market price. 
lent of Jceeping quality. — Ordinarily a cheese 
usual temperatures (60° F. or above) reaches its 
[idition within a few weeks, and unless sold at that 
snsiderably in value. When such cheese is placed in 
, this condition may be maintained for a considerable 
me, but not nearly so long as when the cheese is 
■ughout the whole period at those lower temperatures, 
cement in keeping quality renders the dealer more 
. of market fluctuations and enables him to secure 
alues for his product, 

on in losses from mold and drying. — When cheese 
t 60° F. or above, the losses due to shrinkage from 
effect of mold are considerable. With the cheese 
1° F, and below, this loss was much reduced, and 
at 40° F. or below, practically all mold growth was 
These low-temperature cured cheese were frequently 
the boxes with perfectly clean sides, the only mold 
> the scale boards. 
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Cold curing vs. present curing methods. — The tendency -with- 
in recent years has been to iise lower tompera-turea for ripening 
than were f onneriy employed. Experience has shown that high, 
inequable temperatures injure materially the flavor, texture and 
keeping quality of the cheese, thereby diminishing considerably 
the value of the product. In practice these temperatures have 
gradually been reduced from the neighborhood of 70° F. to 65°, 
and later to 60° I". After cheese has been ripened at these tem- 
peratures, they have been stored in cold storage rooms until 
wanted for consumption. 

The system of cold-curing here proposed differs from simple 
cold storage of ripened i^eese in that these low temperatures are 
employed from the beginning of the ripening period. In our ex- 
perience the quality of such cheeae; as measured by the standards 
of flavor, texture and body are materially improved, with. the 
result that the value of the cheeae per pound is somewhat in- 
creased, and particularly so when the lengthening of the commer^ 
cial period of the cheese is taken into consideration. Not only is 
the value per pound improved but the losses due to mold and 
shrinkage are diminished. 

This system of curing has been tried under commercial condi- 
tions by a number of the leading cheese dealers in the state 
during the current year, and it is noteworthy that the highest 
prizes taken on cheese at the Wisconsin State T"air at Milwaukee, 
the Northern Wisconsin Fair at Chippewa Falls and the Inter- 
State Fair at La Crosse this fall were awarded to cheese that 
were practically cured on this plan, being placed at low temper- 
atures within a. few days from the press. 

It should be kept in mind that the expense of this system of 
curing is somewhat greater than the old method, but the returns 
will undoubtedly more than balance the debit side. 

So far as our knowledge goes this system of curing cheese 
from the press at low temperatures (below 50° F.) has not been 
tested before. In 1897, experiments were conducted at this Sta- 
tion,' where cheese were cured at refrigerator temperatures 
(50° F.), 60-65°, 70° and above, in which it was found that 
tHe cheese ripened at 50° F.were fully as good as those cured at 
'14 Kept Wis. StaUon, p. 208. 
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60° !F. and much 'better than those cured at the usual ripening 
temperatures (65-70° T). At the expiration of th^e experi- 
menta these low-temperature cured cheese were still in their 
prime, while those cured at 70° T. had greatly deteriorated. 
Since these experiments were reported, further tests have been 
made at other experiment stations which fully confirm the con- 
clusions then drawn. Dean' at the Ont. Agr. College experi- 
mented with cheese cured at 60°, 65° and 70° I", and found that 
those cured at the lowest temperature were the best, not only as 
to flavor, but texture and color. 

McKay^ reports similar results in the case of Canadian cheese 
shipped to Iowa to be cured, aa well as home-made cheese, where 
temperatures ranging from 55° T. and upwards were employed. 
Better results were also here obtained at the lower temperatures. 

The New York (Geneva) station^ has been conducting experi- 
ments along this line, curing cheese at temperatures ranging 
from 55° to 70° F. The results reported show without excep- 
tion a marked improvement in the cheese kept at 55° F. over 
those ripened at higher temperatures. 

While none of the above experiments were conducted at lower 
temperatures than 50° F. the results show that the best cheese 
were always those cured at the lowest temperature employed. 

The working hypothesis on which the experiments detailed 
in this report have been made has been to determine at how low 
a temperature cheese could be cured, and after having shown 
that these changes go on at freezing temperatures or even below, 
the next question was to find the most favorable temperatures for 
commercial practice. 

Application of this system to consolidated curing plants. — 
Some years ago we advanced the idea of curing cheese in central 
stations erected primarily for the purpose where proper condi- 
tions could be maintained more perfectly and at less expense 
than in the individual factory. This idea has met with some 
favor and several syndicates have adopted this system of curing, 
shipping the product of the several factories to a centrally lo- 

'Rept. Ont. ABr'l Coll.. 1899, p, 59. 

"Bull. 57, Iowa Expt. StaL. April, 1901. 

'Bull. 1S4, N, y. (Geneva) Expt. Stat. Dec. 1900. . -^ 
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cated plant built especially for the curing purposes. If the sys- 
tem of cold-curing here proposed should result in producing an 
improvement in quality of cheese as these experiments seem to 
indicate, this idea of consolidated curing stations could be very 
advantageously employed. In this way, the expense of cold- 
curing could be materially diminished, and while the process 
requires a longer period of time, and therefore somewhat greater 
expense in maintenance and interest chains, still the fact that 
the factories can dispense with the construction of adequate and 
properly constructed curing quarters will much more than offset 
the above factors. This system will naturally result in very 
much better care being given to the curing, under the control of a 
single person, who should be an expert on this phase of the work, 
than would likely obtain where the ripening is completed in the 
individual factories. The increased uniformity of the product, 
the larger lines to be handled, and the increased facilities for 
examination and shipment are all minor factors in favor of this 
system. 
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I OF SUGAR ON THE NATURE OF THE 
NTATIONS OCCURRING IN MILK AND 
CHEESE. 



BABCOCK. H. L. RUSSELL, A. VIVIAN akd 
B. G. HASTINGS. 

industry differs from the butter industry in iJiat 
)duct IB made it is not ready for consumption. 
fully the manufacturing details are carried out, the 
the product is not determined until the ripening 
taken place, which process requires a considerable 
The character of these changes determines the 
texture of the cheese, upon which is based the com.- 
of the product. We have previously pointed out* 
ble in these series of phenomena to differentiate in 
between the treating down of the casein and the 
the peculiar flavors that characterize the varioTis 
e. 

efforts in studying the phenomena of cheese ripen- 
i directed in the main to a consideration of the 
e concerned in the transformation of the insoluble 
ble products, i. e., the breaking down or, ripening 

lly accepted idea as to the nature of the causes con- 
production of flavor is that it is attributable to the 
jrmed by the development of bacteria and other 
ns in or on the cheese. This view receives sup- 
fact that all varieties of cheese made with rennet 
' devoid of proper cheese flavor when they are first 
lie press. Bacteriological examination of cheese 
pafe X6T, 
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shows that bacteria are present in lai^ numbers, and capable of 
rapid development under these conditions. This fact has 
Strengthened the notion that these changes were due to biolt^cal 
causes, and for some years past, investigators have attempted to 
isolate from different varieties of cheese, the specific organisms 
that were thonght to produce the peculiar flavors. With the 
common types of cheese (eheddar, Swiss, etc.), these attempts 
have not been attended with marked success, although in the 
case of the moldy cheese (Roquefort, Stilton and Gorgonzola), 
specific mold organisms are used as starters to produce the char- 
acteristic flavors. 

Inasmuch as the environment in which cheese is placed is the 
most important factor in determining what kind of a cheese will 
be produced, it would seem that a study of this phase of the 
question would be more likely to he suggestive than an attempt 
to isolate specific ferments. 

From the same milk, scores of different varieties of cheese may 
be produced. These would necessarily contain the same kind of 
oi^anisms, and therefore produce the same type of fermentation, 
unless in the manufacture and subsequent curing of the cheese, 
conditions prevailed that would modify the nature and action of 
the flavor-forming agents. If flavors are produced by living or- 
ganisms, it is easy to see how a variation in the environment 
might radically affect the character of the flora found in the 
ripening cheese in contradistinction to that which was originally 
present iil the milk, for it must 'be conceded that the milk orig- 
inally contains not a single specific kind of organism but a more 
or less mixed flora. It is also possible that a variation in envi- 
ronment may even change the nature of the by-products formed 
by a specific organism. Again, there is evidence at hand indi- 
cating that the activity of non-vital ferments as enzymes is great- 
ly affected by variation in environmental conditions (tempera- 
ture, reaction, moisture, etc.). 

The operation of this principle that environment largely de- 
termines the character of life in any given habitat is to be seen 
on every hand. This law controls the distribution of animal 
and vegetable life over the surface of the glote. A self-evident 
e?apiple can be noted on the bank of any shallow pond. Ihe 
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outermost limit of plant growth is made up of sedges and reeds 
which are able to withstand a large amount of water. Ae a 
pond slowly fills up from land wash, or if it is drained off, the 
characteristic plant life soon undergo^ a change. The water-lov- 
ing reeds and rushes disappear and are replaced by plant forms 
that are adapted to a drier soil. Here the moisture content of 
the soil is the determining factor that governs the nature of the 
covering flora, but other environmental influences are equally 
operative. Note the character of the plant growth in a forested 
area, and then again after the timber has been removed. The 
one contains those plant forms that are adapted to shady loca- 
tions ; the other supports a flora that develops best in bright light. 
These illustrations could be multiplied indefinitely not only 
from the plant but the animal world. The law underlying this 
series of phenomena is equally operative with microscopic forms 
of life, and there can be no question but that the predominance 
of any kind of bacteria in any given habitat is to a very large 
extent determined by the nature of the environment While it 
follows that any kind of fermentation can only occur when the 
specific organisms capable of producing such changes are present, 
yet the predisposing factor that determines whether such oi^n- 
isms will thrive and grow lusuriantlj is controlled by the sur- 
roundings under which the organisms are placed. 

Conunon experience of cheese makers recognizes the potency 
of environmental conditions . in determining the character of by- 
products formed in cheese, A cheddar cheese differs from a 
• Swiss or a limburger, not 'because of any inherent difference in 
the character of the milk used, but because the milk is handled 
and the cheese ripened in a way that changes the nature of the 
fermentation which takes place, A Cheddar cheese does not de- 
velop the large Swiss holes that are characteristic of Swiss 
cheese, because in the development of acid that occurs in the 
ripening of the milk, which is due to the growth of lactic acid 
bacteria, a condition is produced that is unfavorable to the de- 
velopment of gas-generating organisms. 

In a limburger cheese, the lower temperature at which the 
curds are cooked results in the retention of large quantities of 
moisture, and changes the conditions within the cheese so 48 tg 
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caase a very different kind of fermentation to take place from 
that wliicli occurs in cheese of the cheddar type. 

A. BACTERIAL FLORA OF MILK AS AFFECTED BY REMOVAL 
OF SUGAR. 

On the hypothesis that a variation in the composition of milk 
would change the nature of the hy-products produced as a i^ 
suit of bacterial development, experiments were conducted as 
foUowa : 

Inasmuch as the lactic acid bacteria predominate in cheese, 
and are generally believed to exert the greatest influence on its 
characteVj and therefore on the production of flavor, it seemed 
probable that if the chief food of these organisms, the milk 
sugar, was removed, that the conditions would be so changed as 
to materially alter the nature of the by-products and possibly 
even the character of the flora itself. 

In order to remove the milk sugar, milk was subjected to 
dialysis at a low temperature. This was done by placing the 
same in lai^ parchment tubes immersed in running ice water. 
In about two days all trace of sugar had disappeared as shown 
by Fehliag*8 test, likewise a large part of the asL The casein 
imder these conditions is not diminished, although of course it 
is materially diluted, 

When such milks were removed and kept at room and incu- 
bator (37° C.) temperatures, the growth of the bacteria nat- 
urally present was very rapid, resulting without an exception 
in the production of putrefactive products instead of the lactic 
acid usually formed when milk is allowed to undei^ a spon- 
taneous change. These results were confirmed by numerous 
subsequent experiments. A teat of these Hialyzed milks for 
indol gave without exception positive results, and the marked 
fecal odor of these milks left no doubt as to the production of 
a putrefactive instead of the usual acid fermentation. This in- 
dicated that milk sugar either directly or indirectly prevented 
the milk from undergoing putrefactive changes, and explains 
why milk does not putrefy like other organic solutions rich in 
protein. 
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ADDITION OF SUGAK TO DIALYZED MILKS. 

Tliis hypothesis was verified by the addition of sugars (glu- 
cose and saccharose) to dialyzed milks. ■ In this case the con- 
trol dialjzed milk curdled in a few days with the production of 
a foul odor, the' intensity of which was increased by incubation 
at higher temperatures, while those samples of the same milk 
to which these sugars had been added soured in two days with no 
disagreeable odor, 

Not only was there this differentiation that was evident to 
sight and smell, but cultures made from such milks at the be- 
ginning of the experiment, and after a period pf four days in- 
cubation showed a marked change in the relative proportions ex- 
isting between different species of bacteria in the milks. The 
initial analysis of the dialyzed milk showed a considerable num- 
ber of liquefying bacteria,- but a predominant number of non- 
liquefiers. After iitcubation for four days the liqueflers had 
greatly increased in the control dialyzed cultures, while those 
to which sugar had been added showed many more of the non- 
liquefying, non-putrefactive type. From this experiment, it is 
evident that the presence or absence of sugar in milk exerts a 
marked effect on the character of the contained germ life. 
Where sugar is present, optimum conditions prevail for the de- 
velopment of acid bacteria ; where absent, the putrefactive forma 
gain the ascendancy in such nitrogenous solutions as milk. 

This principle, that sugar exerts an inhibiting effect on pu- 
trefaction of proteid matter, is further proven by the action of 
minute quantities in preventing the formation of indol in bac- 
terial cultures. It has also been noted that sugar inhibits the 
production of proteolytic or digesting enzyms among certain 
bacteria (slow liquefiers on gelatin). 

B. BACTERIAL FLORA AND FLAVOR OF CHEESE AS APE^CTED 
BY REMOVAL OF SUGAR, 

The previous experiments with milk have demonstrated that 
the sugar prevents the putrefaction of the proteid compounds 
and this result led to a study of the effect which the removal of 
the sugar from milk has on the curing, and especially on the 
flavor of cheese. 
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Series I. — The sugar was removed from the curd by drawing 
the whey as early as possible and replacing the same with warm 
water. The curds were washed in some instances several times 
in order to more thoroughly remove the whey with its soluble 
products, and in no case showed any strings on the hot iron, in- 
dicating that no appreciable acid had been developed. In all 
30 cheese (daisies and flats) were made in this manner and 
cured in a curing cellar at about 60°-65° F., with a control 
cheese for each set that was made according to the ordinary Ched- 
dar process. 

These cheese were examined at intervals for several months, 
and within two weeks the cheese mad© from the washed curds 
began to be differentiated from the control cheddars. The 
washed cheese apparently cured more slowly and developed an 
unpleasant flavor which rapidly became more marked. In two 
mouths every cheese of the washed series was worthless, having 
a vile, rotten flavor, while the control cheese were of' first quality. 
"Where the cheese were washed a number of times the bad flavors 
were much more pronounced than where the curds were treated 
but a single time. After a lapse of a year, the washed cheese 
still retained their objectionable flavors, and in addition, all of 
them were badly mottled, due tp a bleaching of the color of the 
cheese. The washed cheese apparently cured more slowly as 
determined by physical examination, but a chemical examina- 
tion as to the amount of soluble nitrogen products showed no 
difference between the washed and the control cheddar series. 

From these data it appears that the removal of the sugar 
markedly affects both the flavor and texture of the cheese. As 
with the milks in which sugar was removed by dialysis, the 
cheese made from wasl^ed curds developed a strong putrefactive 
flavor. ■; 

Series II-IV. — Several other series of cheese were made from 
washed curds and the same subjected to a more freqimt exami- 
nation, both chemically and biologically. The results obtained 
were as- follows : 
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Table I, — Chemical by-productt, number of bacteria, and quality of 
theese made from normal milk and wathed curd$. 
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An inspection of the alrove table shows that the nitrogen in 
soluble form is greater for the first two mouths in the eheddar 
than in the washed cheese. As the cheese increases in age this 
relation is reversed, the washed cheese at four months showing 
a materially larger amount of soluble nitrogenous products. 

When the amids are compared, the difference between ehed- 
dar and washed cheese is less marked, although the same general 
relation as noted in the formation of total soluble products is 
to be observed in most cases. An explanation of this condition 
will be more readily understood after the bacterial Kstory of 
the cheese is presented. 

With reference to the bacterial content of these two types of 
cheese, the most striking characteristic to be noted is the rela- 
tive increase of liquefying bacteria found in the washed cheese. 
This type of germ life in the eheddar cheese was always sparse, 
a condition that confirms all previous analytical work in liiis 
line. In cultures of the cheese made from washed curds, the 
most striking peculiarity is the presence of the liquefying bac- 
teria as is shown in Figs, 8 and 9, which represent gelatin plate 
cultures made from normal and "washed" cheese. 

While the proportion of liquefying to total number of bac- 
teria would be very small, if expressed percentagely, still the 
appearance as presented in the cultures aa shown in Eig. 43 
is very striking. This seems to indicate Beyond all question 
that the environment in the washed cheese is such as to facili- 
tate the development of peptonizing forms. The fact tffat the 
cultures made from the washed cheese also contain a very large 
number of the non-liquefying type, indicates that the acid-pro- 
ducing and digesting bacteria can develop in the same habitat 
simultiJieously, if the environmental conditions are favorable 
to both germs. 

In the light of the bacterial history of the "washed" and nor- 
mal cheese, an explanation can now be easily given for the vari- 
ation in the rate of formation of the proteid by-products that oc- 
cur at different stages of the ripening process. The more rapid 
peptonization of the casein in eheddar cheese, as shown by the 
increased amounts of soluble protelds present, is undoubtedly 
attributable to the fact that this type of cheeae contained a larger 
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amount of digestive enzyma (galactose an3 pepsin), as the 
washing of the curd would to a considerable extent remove these 
ferments. But a9 the condition in the washed cheese permits 
tie development of the digestive or liquefying bacteria, the solu- 
ble by-products formed as a result of the action of the enzyms 
which they secrete accumulate in the cheese and so increase the 
rate of digestion. 



made from Dormol chppse BhowlnK great prepon- 
Q-llguetylDS (lactic acid) bacteria. 



With reference to the quality of these cheese, table I show- 
ing the scores made at varying ages, indicates without exception 
that the washed series were of much inferior quality, not only 
as to flavor and texture, but were also loose and open in body. 
These cheese were rank and putrid in flavor, and it is especially 
noteworthy that the texture was curdy, the cheese not breaking 
down physically, although the chemical analysis shows a lar^r 
amount of soluble decomposition products. 

In striking contrast with these series were tKe results obtained 
in the case of the.control cheddar cheese, which without excep- 
tioa were good throughout the whole period. 
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These confirmatory experiments indicate beyond question that 
the removal of the sugar seriously impairs the quality of the 
cheese as determined by flavor, texture and in all other ways, 
and that this removal permits the development of digesting bac- 
teria in a way that does not occur in normal eheddar controls. 



Fro. 43.— Gelatin plate ci 
ot llquefyliig bacterl 
milk BUfat. 

These results might be construed by the adherents of the the- 
ory that the ripening of cheese is due to the development of di- 
gesting or peptonizing bacteria, as supporting their claim ; bat 
when it is further considered that the quality of the cheese, as 
determined by flavor and texture, was most seriously ipipaired, 
and could not in any way be taken as representing the condition 
found in a normal cheese (at least those made after the eheddar 
method), this conclusion seems untenable, 

C. ADDITION OF SUGAR TO WASHED CtJRDS. 

To test the hypothesis regarding the influence of sugar on the 
flavor of cheese, experiments were then instituted in which sugar 
was added to the washed curds, in order to see if this substanoe 
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was the causal agent in preventing these undesirable changes. 
For this purpose glucose and cane sugar were used in vaiying 
amounts, and the cheese ripened at 60°-65° F. together with 
control cheese made from washed and normal curds. 

Series I. — In these experiments the milk was divided, and 
from one portion, a cheddar cheese was made, while the balance 
of the curd was washed one or more times and then divided. 
To portions of this washed curd, cane sugar or glucose was added 
in the proportions of 1.25, 2 and 2.5 lbs. per 1,000 lbs. of milk. 

Within two or three weeks the cheese made from the washed ■ 
curds began to go off in flavor while the sugar series were clean 
in flavor, but slow in curing. This differentiation continued to 
becom,j more and more marked until in a few months the 
"washed series" were adjudged worthless, while the "sugar ser- 
ies" continued to keep a fair to good flavor, but did not develop 
the same flavor as the cheddar controls. 

After a year's curing the washed series showed a badly mot- 
tled condition, due to bleaching of color which was generally 
most pronounced on the inside of the cheese. The sugar series 
showed a variable condition. Those made with the smaller 
amounts of sugar were somewhat bleached, but not nearly so 
much as the cheese of the same date of the washed series. Where 
2^ lbs, of sugar were used, the color was unchanged and was 
as good as the cheddar cheeks, although the sugar series appeared 
to ripen less rapidly than the cheddar controls. 

With reference to flavors after this long period of ripening, 
the cheese to which the smaller amounts of sugar were added 
were somewhat better than the washed series, but in some eases 
had a vile flavor. Where 2 to 2.f lbs. of sugar were added, the 
flavor wa's much improved, clean but somewhat sweet, but in bo 
case equalled that of the cheddar checks. 

From the above it seema that the addition of sugar prevents 
the development of the bad putrid flavors that occur when the 
curds are washed, and confirms the previous hypothesis that the 
sugar of milk is an important factor in preventing putrefactive 
changes in milk or cheese. 

Series II-IV. — To further test the validity of this cooda- 
sion a new series of experiments were made which are detailed 
below. , . I; :, , .^. _,_;._, -. 
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Series II, III, IV were made on April 32, 25, and 29, 1901, 
respectively. The washed cheese reported in these series are 
the same as reported in table I in which the comparison of 
washed and normal eheddars was made. In the series here re- 
ported, varying amounts (1-3 lbs.) of different sugars (glucose, 
sucrose, lactose) were added to portions of the washed curds. 
In three cases in Series III and IV, sucrose was added to ched- 
dated instead of washed curds, in order to show the influence of 
sugar in normal curds. These were examined more frequently 
during the earlier period of ripening ; and chemical- tests were 
made when the cheese were 1, 2 and 4 months old. 



CHEMICAL EXAMINATIONS, 



The results of the chemical studie 
cheese are shown in table II, 



3 several series of 



Table IJ.—Ohemicat decomposition products formed in cheese made 
from washed curds and those to which sugar has been added as 
shown by the per cent, of total nitrogen in soluble form artd 
amids. 



SEBisall. 


"Si' 


One Uonth. 


Two UONTBS. 


FouB Months. 


bio 


Am'ds. 


? solu- 
ble. 

i 

aaio 


Am'de. 


i- 


Am'dn. 






is 

15.0 


Ii 

a'.o 


S2 








i t-zss. 

3 he. lactose 
























SBUEBin. 




I5.R 

|:i 


3*8 


11 


Ii 


M 


f.°, 




lisS: 




PI 










SBBIHlV. 




ii 




24.0 
20. 1 

11 

■13.1 


J]. 2 

sis 


»7,S 

Si 

38.3 

il 






il^; 

alba.5lnco«e. 














Is 


ills:;;;------ 





50b,Goo>^lc 



174 Eighteenth Annual Rbpobt op the ] 

In studying the chemical data here presented, it is necessaiy. 
to compare cheese of the same series with each othr, as each lot 
was made from the same milk. In most eases the cheese made 
■with the addition of sugar to the washed curd showed a slight 
increase in total soluble nitrogen over that formed in the washed 
curds and this increase was confined to the upper decomposition 
products that are characteristic of peptic action ; but it is ques- 
tionable from the chemical data at hand whether any signifi- 
cance ia to be attached to this condition. Close comparison be- 
tween these cheese can not readily be made because the amount 
of washing was not uniform, and hence a varying quantity of 
whey was removed. 

In the three cases where sugar was added fb cheddared curds, 
the chemical producte showed marked difference from the re- 
sults obtained with the washed curds treated with sugar. With 
increasing age, the total soluble nitrogen was considerably less 
than the sugar-washed series and the amid products strikingly 
diminished. It is possible that thisi is explicable by assuming 
that the soluble enzyms (galactaae and pepsin) are retarded in 
their action by an increase in soluble solids, or that the lower 
per cent, of moisture in these cheese changed its rate of di- 
gestion'. While we have no data on this point witii reference to 
sugars, it is well known that salt, for instance, retards digestive 
action with both these enzyms. 

BACTEEIOLOGICAI. EXAMINATIONS. 

A bacteriological study of the washed and cheddar cheese 
showed that the removal of the sugar from the curd by washing 
resulted in a. marked development of the liquefying bacteria. 
It will, therefore, be of interest to note the bacterial content of 
the cheese made from washed curds to which different sugars 
were added, particularly as to the relative presence of liquefy- 
ing organisms, Table III shows the results obtained. 
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Tablk hi.— dumber of liquefying bacteria per gram in washed 
eheeae with and without addition of sugars. 
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The addition of sugars to the washed curds changes the con- 
ditions within the cheese to such an extent as to render develop- 
ment of the liquefying forms practically impossible. In this 
respect the addition of the sugar to the washed curds restores the 
conditions that prevailed hefore this substance was removed hy 
washing. A comparison of culture plates made from the 
washed curds and those to which sugar had again been added 
were almost as striking as those shown in Figs. 42 and 43, 
which represent the condition in normal cheddar cheese and 
washed cheese. 



QUALITY OF CHEESE (fLAVOE AND TEXTUEe). 

When the quality of these cheese made from washed curds to 
which sugars had been added in varying amount was compared 
with the Wished controls, it was noted that the sugar series were 
materially improved as to texture and never acquired the intense 
putrid odor that accompanied the washed controls. Where 
only one pound of sugar per 1,000 lbs. of milk was added, the 
improvement was often slight, but always noticeable in the 
earlier periods. Better results were obtained where larger 
amounts of sugar were added (2-3 lbs.), although it should be 
said that in no case were the cheese equal in flavor or texture to 
the cheddar cheese made from the same milk. 

The addition of the sugar gave firmness to the curd, making 
a closer texture and restoring to the washed curd the translucent 
yellowish appearance that normally appears in ripening cheddar 
cheese. In all oases the improvement in t^^ture was JOMdOolc 
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marked than in flavor. The cheese showed a tendency to sticki- 
ness which was more noticeable with an increase jn amount of 
sugar used. Where sugar was added to the washed curds a 
sweetish flavor was sometimes apparent This was most marked 
in the eases where sugar was added to normal cheddar curds. 

The conclusion from these three series of experiments con- 
firms that noted as a result of the work done in 1900, and in- 
dicates that the addition of sugar to the washed curds restore^ 
in part at least, the conditions that prevailed in normal cheddar 
cheese. When this conclusion is taken in connection with the 
results obtained when normal cheddar and washed cheese were 
compared, it seems to indicate that the types of bacteria th'at 
may develop in a cheese are closely related to the presence and 
amount of sugar which the cheese contain ; that the liquefying, 
digesting organisms are able to thrive better when the sugar is 
removed, and that under these conditions putrid flavors are pri> 
duced that are entirely different from those normally occurring 
in typical cheddar cheese. It is possible that the development 
of these liquefying forms and the appearance of the undesirable 
flavors noted are nothing more than mere coincidences, but when 
these two conditions are brought about through the removal of 
the sugar,, and the normal conditions in large measure restored 
through the addition of sugar, it seems highly probable that the 
two phenomena are causally related. 

The whole series of experiments not only with cheese but those 
made with dialyzed milk seem to harmonize perfectly and indi- 
cate that the type of bacteria that develop in milk and cheesQ 
is largely controlled by the sugar content. Th^e results open 
up an interesting field as to the development of flavors and a 
study of these problems from the environmental point of view 
may result in widening our knowledge relating to the same. 
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CAUSES OPERATIVE IN THE FORMATION OF SILAGE. 

(Second Paper.) 



S. M. BABCOCK amb H. L. HUSSELL. 

I. Belation of temperature produced, loss in weight and amoant 
of gasea evolved in a dio. 

The work on silage problems during the last year, the results of 
■w'hich were presented in the Seventeenth Annual Eeport of this 
Station, was with reference to the causes operative in the forma- 
tion of silage. The hypothesis was advanced at that time that 
the hitherto accepted explanation ascribing these changes to the 
action of bacteria was not in hannony with the experimental 
facts adduced, but that the phenomena obtained were explicable 
on the assumption that the changes which took place were in- 
herent to the plant cell itself, and were largely the result of the 
respiratory activity of the protoplasm of the plant tissues. Not 
only does the direct respiration of the plant cell function in the 
production of the initial heat of silage, but this, combined 
with the intramolecular respiration of the cell which continues 
after the free oxygen is exhausted are leading factors in the 
formation of the peculiar properties of silage. 

Our work during the current year has been continued along 
similar lines with the view of further testing the validity of the 
hypothesis then advanced. Experiments have been made the 
past season for the purpose of determining the relation of the 
heat evolved to the respiration (direct and intramolecular) of 
the plant cell itself as well as that of the extracellular organisms 
(bacteria and molds). For this two galvanized iron receptacles 
were employed, which were one and one-half feet in diameter 
X3 
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and four feet high, and had a capacity of approximately 200 
pounds of cut com. These were filled with cut field com of 
average state of maturity and hermetically sealed. The plea- 
sure was relieved by means of a U tube connection with an oil 
trap, l/ong glass tubes sealed at the lower end were inserted 
through the center of the cover, and in these thermometers were 
placed to record the temperatures under conditions where air 
would not be admitted to the silage. Each receiver was placed 
upon carefully adjusted scales and left there during ihe whole 
course of the experiments. Observations were made daily as 
to the weight and the temperature as well as the temperature of 
the room. 



FiQ. M.— Dlasram showing temperatare cbanges, Iobh In weight, and rate of gan 
evolatlon. A, C, temperature carve of sllaeei A. B, room temperature; D, B, 
weight of silage: P, 6, rate ol gas evoluttoD. Sllo was opened on SGth dar. 
Kate variation In feimeotatlye actlvKy aa ezpreased by rise In temperature 
and lobS Id weight alter this date (right of line M, N). 

The silos remained closed for twenty-five days. Copious ev- 
olution of gas began to occur within a few hours after sealing, 
and continued about ten days, after which the quantity evolved 
was gradually reduced to a minimum. 

The observations as to temperature and weight are shown in 
Fig, 44, in which the average of the two determinations is made. 
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COUBSE OF TEMPEEATUKE GUANOES. 



It is to be noted that so far as temperature is concenied, ths 
initial maximum was recorded on the first day after filling. 
After this the temperature fell off in a few days, but continued 
above the room temperature for a period of about twelve days, 
and after this period it fluctuated with the temperature of the 
room until the siloe were opened on the twenty-fifth day. This 
nearly complete oeasation of gas evolution and temperature 
changes indicates that the causes concerned in these changes 
had practically ceased to be operative. When opened the silage 
was found to be of good quality even on the very surface, there 
being no evidence of mold or "bacterial decomposition. The 
aroma was also characteristic of first-class quality of silage. 
From this time the alios were left uncovered so as to permit of 
access of air in order to show the course of temperature changes 
incident to bacterial and mold growth. No appreciable rise oc- 
curred until about the third day (thermometer placed 
four inches from surface). Then the rise was rapid, and con- 
tinued to increase for about ten days, reaching a maximum of 
about 50° C, or 20° above the initial heating. After the max- 
imum period had passed, the temperature again fell, but never 
reached that of the room. The way in which these two maxima 
were developed indicates that they must have been produced by 
different causes. "The secondary rise, coupled as it was with 
the evident development of organisms on the dead plant tissues 
required a certain period of incubation before the heat evolved 
as a result of the respiratoiy processes of the oi^anisma was 
sufficient to become sensible. 

The initial heat occurred within the first two days, being 
even marked in twenty-four hours. This must be due to the 
respiratory processes of cells already in existence, and could 
therefore only be ascribed to the living plant cells. Inasmuch 
as the free oxygen in the tissues and interspaces is rapidly ex- 
hausted by direct respiration, the heat to be noted for the 
several days following the initial rise is undoubtedly due to that 
produced by the intramolecular changes which occur before the 
cells die. Changes subsequent to this are simply incidental to 
room fluctuations. r",^i-,iTln 
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The change in weight of the silos was inconsequential after 
direct respiration ceased. The arerage loss for the first two 
dajs was 0.7 and 0.5 pounds per day. After this the loss 
rarely exceeded 0.1 pound per day, becoming practically con- 
stant when the temperature reached that of the room. 

The weight of the silos after opening did not undet^o any 
material change for a couple of days, but after this the loss was 
rapid, increasing to nearly a pound per day as the maximum 
temperature was reached, and then graduaUy diminishing to a 
few tenths of a pound per day. The loss after opening is of 
course due not only to gases evolved but to water evaporated 
as the surface was exposed. 

The total loss before opening represents the unavoidable losses 
that cannot in any way be diminished as it is due to inherent 
processes of the cell. When measured percentagely tlie loss in 
. this case was about one per cent, of total weight of silage. In 
practice it is rarely possible to exclude the air as thoroughly as 
in this case, and therefore the losses are generally greater, due 
not only to increased direct respiration but to the growth of 
mold and bacteria. 

BATE OF GAS EVOLUTION IN SILO. 

An independent experiment was made to determine the rate 
and amoimt of gas evolved. This was done by connecting a her- 
metically sealed glass carboy containing about forty pounds of 
cut corn with a gasometer containing water. The following 
table shows rate of formation and amount of gaa produced: 
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Tablk I.~Evolution of gas from 40 lbs. corn. 
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These data are also charted on Fig. 44 in order that the gaa 
evolution may be studied in relation to loss of weight and tem- 
perature. The fact that hj far the lai^er proportion of gas 
eTolved was thrown off in a period covered by the first five days 
is significant when considered with reference to the metabolic 
changes that occur in the tissues as a result of the activity of the 
plant cells themselves. If we assume that the gas evolved was 
CO2, as has been shown by previous tests, making due allow- 
ance for absorptioil in the gasometer, the loss in weight due to 
tiie evolution of ihia gas would approximate one per cent., 
which is practically the same as determined by actual diminu- 
tion in weight of silage in experimental silos. 

These results as to temperature change, loss in weight, and 
gases evolved are only explicable on the common hypothesis that 
the normal changes are due to physiological processes (direct 
and intramolecular respiration) of the plant cells themselves ; 
and that normally extracellular ferments (bacteria and molds) 
only function in a detrimental way when air finds access to the 
mass of plant tissues. This conclusion is the scientific founda- 
tion on which modem silo building is founded. If air is ab- 
solutely excluded from the silage, the inevitable losses are re- 
duced to a minimum, and these are only exceeded when the con- 
struction of the silo is such as to admit air. 
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n. Further experimeiLts, shoving causal relation of plant cell ac- 
tivity to silage formation. 

1. Experiments with frozen com..— Experiments were made 
■witb immature cut com and placed in a receiver, and then 
frozen immediately by means of a freezing mixture. These 
samples were then allowed to thaw and to one of taem ether was 
added. This was done with the hope that immediate congela- 
tion of the plant tissues would destroy the cell activity and bo 
prevent the formation of those by-products which are character- 
istic of silage. If, however, the silage changes went on in the 
dead protoplasmic matter as a result of bacterial action, then 
it would be possible under these conditions for these oi^anisma 
to develop, because organisms of this type would not be entirely 
excluded by the freezing process. Samples so treated were 
opened after a period of twenty-two days and the following re- 
sults noted : 

Thfi check sample, which had been ensiled in the usual way, 
ictly silage aroma, which is characteristic of silage 
immature com. The frozen sample had no trace of 
a, but a pronounced offensive odor as if incipient 
1 had occurred. The portion to which ether had 
was also utterly devoid of silage odor, being simply 
reen com, . 

ological examination showed organisms in consider- 
rs in both samples, the predominating form in both 
a small non-liquefying species. This fact is signifi- 
sidering whether the cause of silage changes is at- 
o bacteria or plant cell activity. If attributable to 
this type, the frozen com should have made as good 
e other. 

lination of acidity in these samples showed that 12,5 
he dieck (normal silage) required 5.5 c. o. 1^-5 alkali 
e the same, while the frozen sample required 5 c, e. 
and the frozen sample, to which ether had beeR 
lired only 2 e. c. This indicates that while prac- 
iame amount of acidity was developed in the frozen 
ie result of bacterial growth, still thia com lacked 
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the essential characteristics tliat distinguiali good silage from 
green oom tissues which have undergone bacterial fermenta- 
tion. 

It would appear from this that the immediate destruction of 
the life of the plant cells prevented the changes which charac- 
terize silage formation. Under these conditions all respiratory 
processes (intramolecular as well as direct) would be suspend- 
ed at once ; and hence, if these were ca\isal factors in the produc- 
tion of silage, the tissues would not undergo the usual changes 
which characterize normal silage, 

2. Eelation of aroma production to death of plant cells. — - 
This experiment consisted of ensiling a number of samples from 
the same lot of com in small glass receivers which were hennet- 
ieallv sealed and provided with a U tube attachment to collect 
the gas evolved. These samples were to be opened successively 
at intervals of a few days to determine whether the aroma 
characteristic of silage would be recognized in the early stages 
before there could have been much opportunity for bacterial 
and fungus growth. The pnrj^e of this experiment was to 
note the development of the aroma in relation to the death of 
the plant cell, which was indicated by the cessation of COj 
evolution and the characteristic color changes which mark the 
death of vegetable cells. If the development of aroma took 
place before the death of the plant cells, it would seem that 
this would be strong proof of the relation of this essential sUage 
change to the vital processes of the cell itself, especially when 
considered in the light of the experiments made on the develop- 
ment of temperature and gas evolution. 

On September 24 late corn in a proper condition for silage 
was ensiled in six receivers. In these cases there was noted 
the first hour after sealing, a slight diminution in the volume of 
contained air due to the absorption of oxygen By the cut tissues 
(direct respiration). Within a few hours this pressure was 
reversed, showing that intramolecular processes had begun. 

The first bottle was opened four days after , filling. The 
leaves at the time showed a brownish olive color, but the stalks 
were wholly unchanged. Even at this early period there was a 
slight silage aroma, altliough the acidity of the tissue was not 
increased to the taste. , . , , - . 
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Seven days after sealing the second receiver was opened and 
the progressive discoloration of the tissues observed. In this 
case the leaves had wholly undergone the olive brown change 
and the stalks were discolored at the ends and nodes, hut were 
still green in the middle of each cut piece. There was a distinct 
silage odor. A difference in the taste of the discolored and 
green portions of the stalk could be noted ; the brownish tissues 
'being slightly acid, while the juice of the green tissues was 
like that of fresh com. 

A third bottle was opened on October 6, twelve days after 
sealing. The tissues in this case were apparently dead, as 
determined by color changes, and CO2 evolution had practically 
ceased in the manometer tube. This .stage marks the end of 
plant cell activity, and if the characteristic aroma becomes in- 
tensified it must be as a result of post-mortem causes. This 
sample had a more marked silage odor than in the preceding 
cases. 

The fourth sample was not opened until October 29, thirty- 
five days from the date of ensiling. No further change in the 
appearance of the silage conld be noticed from that observed 
in the preceding sample. The silage in this case was of good 
quality as to aroma and taste although not sharply acid. 

The last two receivers were opened on November 14, fifty- 
one days after ensiling. The silage was of good quality in each, 
and apparently bad undergone no appreciable change as to 
aroma or taste. 

The production of the characteristic aroma at the early 
stages noted, before the plant cells had died, is hardly compatible 
with the view that these changes are explicable on the theory 
that they are caused by the growth of organisms that must de- 
velop on the cells of the ensiled tissues. This observation adds 
probability to the conclusion already drawn that the internal 
processes of the living plant cell are the factors that inaugurate 
the series of changes that result in the production of typical 
eilage. 
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ON THE INCREASED RESISTANCE OF BACTERIA IN 
MILK PASTEURIZED IN CONTACT WITH THE AIR. 



H. L. RUSSELL abd B. O. HASTINGS. 

In the work reported last year in the Seventeenth Annual 
Report^ of this Experiment Station on the thermal death point 
of the tubercle bacillus in milk, it was shown, in confirmation 
of the view advanced by Smith' that the tubercle organism was 
more resistant in milk when heated in open than in closed ves- 
eela, the cause of this variation being attributed to the forma- 
tion of the surface pellicle ("scalded layer"), which readily 
forms on milk when heated in open vessels to a temperature of 
about 140° F. {60° C.) or above. The importance of deter- 
mining the reason why the destruction of bacteria in milk is 
subject to so much variation led us to institute a special series 
of experiments, the results of which are detailed below. 

Having determined this variable relation witb the tubercle 
bacillus, experiments were made with another bacterial species 
in order to see if consistent results could be obtained. For this 
purpose a micrococcus (Laby, No., E. 180) was chosen, which 
organism was originally^ isolated from pasteurized milk. This 
species possessed the unique property of retaining its vitality at 
temperatures considerably above 140° F, The extremely high 
thermal death point of this germ was an advantage in this 
work, inasmuch as it enabled us to exclude extraneous organ- 
isms that would naturally be present in the raw milk. 

'Page 147. 

Theobald Smith, Joum. of Ezpt. Med., 1:217, 1S99. 
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BEI.ATIOK OF FLUID MEDIUM EMPLOYED TO THEBMAL DEATH 
POINT DETEEMIFATIONS. 

In the scientific determination of the temperature ]imit at 
which any organism loses its vitality, it is customary to expose 
the organism to be treated in a liq^uid medium, such as water 
or nutrient broth. The recommendation made by the Bacterio- 
logical Committee of the American Public Health Association^ 
is that such determinations be made in nutrient broth of the 
standard degree of acidity (1-5^). Most of the thermal death 
work has been done in accordance with this suggestion, and it is 
therefore necessary at the outset to determine if the thermal 
deatli relation of an organism is the' same in milk as it is in 
•the standard nutrient broth. 

Inasmuch as it is necessary to use sealed tubes in working 
with milk, exposures in other media were also made under 
similar conditions, because as yet unexplained differences were 
found wben exposures were made in open and sealed containers. 

THEBMAL DEATH DETEBMINATIOMS IN VARIOUS LIQUIDS. 

Nutrient bouillon. — The results obtained where exposure was 
made in nutrient bouillon are as follows : 



Table I.— Thermal death point detcrminationg c 
(B. ISO) in bouillon in sealed tubes (IS min 


/ reeiatant coccm 

expoture). 




(+ = growth; -nogroMth.) 


TBmp.''C. 


Results of Tibtb. 
(+ = growth: -nottrowth.) 




Series I. 


Series U. 


Series III, 


Series I. 


Series II, 


Series UI. 


«i 


+ 






73 
77 


+ 


+ 






+ 
+ 
+ 




+ 
+ 




+ 


+ 










+ 


+ 















The above results indicate that in standard bouillon this or- 
ganism loses its vitality at about 1b°-Tl° C. 

■ProcesBes reeommendeii for the study of bacteria. Rept. of Bact. 
Com. ot Amer. Public Health Asb'd, 1S9^, p. 34. 
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Skim milk. — In using milk as a medium in which to expose 

the organism, it is necessary to use the sealed tube to obtain 
comparative results, for if the determination is made in open 
tubes (as will be shown later) the disturbing factor of the sur- 
face pellicle seriously affects the results. A considerable num- 
ber of testa were made under the standard conditions and the 
results obtained incorporated in Table II. 

Table II, — Thermal death point determinations of resistant coccus 
(R. 180) in milk in sealed tubes (!S min. exposure). 





RKSOLTH of DlFFKKBNT TbSTS. 

(+ = growtJi ; — , oo srowth-l 


Temp-'C. 


FascLT 


OF Dm 
iwth; - 


no growth).' 




Serieel. 


Seriea U. 


Series III. 


Series I 


Series II. 


Series III. 




+ 

+ 
+ 
+ 
+ 






73 

1i 
76 




+ 




























+ 
+ 
+ 




: 

























preiimlDarr iDCabation of mnU 
suSciant seeding. 

These results in milk correspond very well with those ob- 
tained in broth and indicate that the thermal death point of this 
organism is about 76'^ C. 

Whey.^A few determinations were also made in whey, as it 
was thought that the possible influence of varying chemical re- 
action on the vitality of the organism might be less than where 
a totally different kind of liquid was used. The results of these 
tests shown in Table III indicate, however, practically the same 
tdermal limits. 
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Table III. — Thermal death delermiaations in whey {sealed tubei, 
IS min. exposure). 





BWDLTS ot Test. 
(+ = growUi. — Qogrowth.) 


Temp. "C. 


BBaCLTBOFTHBT. 

(+ = Browdi. -noerowtlij 




Series I. 


Series II. 


Series I. 


Series II. 


88 


+ 
'+ 
+ 

+ 




7a 

7S 




, 










70 


+ 

+ 
+ 




+ 


72 







In comparing the thermal death limita of this organiflm in 
different media when placed under entirely comparable condi- 
tions, it appears that practically the results are uniform — that 
where the exposure is made for fully ten minutes (12 minutes 
allowed in sealed tubes) at a temperature of a:bout 70° C. the 
allowed in sealed tubes) at a temperature of about 76° C, the 
whey or bouillon in sealed tubes, 

THEEMAI. DEATH LIMITS IN MILK IN OPEN AND CLOSED VESSELS. 

Our previous experience with the tubercle bacillus' indicated 
that this organism is not destroyed as readily when milk is 
heated in open instead of closed containers. Theobald Smith 
has already called attention to this point and su^ested tiat 
the increased resistance was due to the organism being im- 
bedded in the surface pellicle of heated milk. The importance 
of this relation in the pasteurization of juilk calls for a con- 
firmation of this fact with other species of bacteria ; accordingly 
experiments with organism R. 180 were also made. 

Samples of milk heated in open vessels and sealed tubes 
were tested at different temperatures to see if any variation 
existed in the vitality of the contained bacterid.. Samples were 
exposed at temperatures ranging from 63°-78° C. with ibe 
following results : 

' 17 Kept Wis. Expt Sta., 1900, p. 163. 
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Table IV.— Thermal death determinations of resistant coccus {R. 180) 
in cloned and open confainerg. 

Temperatures at wbicheipoEurefc were mads for 12 miaates'daratloa. 



Sealed tabes ... 
Open TSBsel 



Dnir after 



>[ tfae heated milk col- 



From this it appears that the thermal death point of thia 
organism is considerably higher in milk when the exposure is 
made in an open vessel than it is where the milk is kept in 
a sealed tul)e. 

When the milk is heated in contact with the air to a tem- 
perature approximating or exceeding 60° C, there is formed 
on its surface a thin, cohesive layer or pellicle, and it seems 
reasonable to suppose that the increased resistance of the bac- 
teria in milk so heated is due to this surface film, inasmuch as 
death of all cells takes place at lower temperatures ia sealed 
tubes where such membranes do not form. This hypothesis is 
d^noostrated by the following experiment, which has been re- 
peated a large number of times under varying temperature 
conditions. 



INFLUENCE i 



STJKFACE MEMBKAHB ("sCALDED LATER") ON 
VITALITY OF BACTEKIA. 



A sample of milk was copiously inoculated with this oi^n- 
ism and then heated to a temperature of 1^° C. In a very few 
minutes, at this temperature, the surface film forms, and after 
an exposure of ten minutes this membrane was removed with 
a sterile instrument and placed on the surface of an agar Petri 
culture that had previously been prepared. In forty-eight 
hours a perceptible growth was observable in the substance of 
the memljrane and thia continued to develop for several days, 
the colonies remaining separate and distinct. 

Thia experiment was repeated a number of times and even 
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where the temperature was raised to 80-83° C, the membrane 
has shown the presence of developing organisms. 

The appearance of such a membrane is shown in Figs. 45 and 
46, preparations photographed from samples of milk heated to 
78° and 80° C. In these surface pellicles the colonies are im- 
bedded in the substance of the membrane, and are not merely 
■ on the surface, as can readily be shown by peeling off the pel- 
licle after the contained organism has developed. 



Fio. «.— Surface membrane from milk heated to T8' C. lor ten minutes and 

Slanted ou surface ot gelatin plate. Numerous colonies developing la mem- 
rane Indicate that the bacteria In tbe milk were able to resist this tem- 
perature when developed in membrane. 

EEIATIVE VITALITY IN MILK OF BACTEEIA IN SDKFACB MEM- 
BEAKE AND BELOW, 

In order to determine whether the increased resistance of 
bacteria in milk heated in open vessels was confined to the sur- 
face membrane or not, several experiments were made in which 
samples of milk were removed by siphoning off the deeper lay- 
era from below the surface film and cultures made therefrom. 
These were compared with cultures made from the surface mem- 
brane. 

Samples of sterile milk, to which a culture of organism (R. 
180) had been added, were heated for a period of twelve min- 
utes in open beakers arranged with siphons, as described above, 
above, 
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These samples were pasteurized at 74°, 16° and 80° C, and 
from each teaJter portions of milk were withdrawn from below 
the surface by means of the sterile siphon, and the surface pel- 
licle removed from each dish. Cultures made from these mem- 
branes showed numerous colonies in each instance, while the 
milk withdrawn from below remained sterile in all cases. 



If, however, the samples taten from below the surface were 
incubated at 38° C. for several days and then plate cultures 
made therefrom, it was found that there was quit© a large 
number of colonies developing on plates made from sample 
heated to 74°, only 3-4 colonies on 76° C. sample, while the one 
heated to 80" C, remained wholly sterile. This discrepancy in 
results is accounted for by the fact that all organisms are not 
killed at exactly the same temperature. Hence, when the thei^ 
mal death point is very nearly reached so few oi^anisms may 
remain in a living condition in the medium in which the ther- 
mal determination is made that ordinary cultures made direct 
from the heated sample mayshow no growth. If, however, such 
samples are first incubated in order to enrich them, evidences 
of bacterial development may be determined at temperatures 
somewhat higher than is possible by direct cultures. 

D.qitizeabyG00l^lc 
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In the above experiment fclie increased resistance of the or- 
ganism in the surface membrane is indisputably shown. 

This fact was also demonstrated in another way. After the 
removal of the first membrane at 80° C. the heating process 
was continued for an equal period of time at the same tempera- 
ture. This permitted the formation of a second membrane 
which in the course of ten minntes was also removed. Cultures 
made from this remained wholly sterile, while if the first mem- 
brane was heated for the whole period of twenty minutes the 
organism persisted. 

A repetition of the heat experiments was again made at some- 
what higher temperatures, ranging from 72°-85° C. The re- 
sults of Uieae trials were as follows : 



Table V. — Results of lliermal death point deierTninatio 





WebbMadbit. 


VHICa ElPOSUBKB 




ja»c. 


76>C. 


829 C. 


85" C. 


1. Sutfaoo pellielo 

tbree drops iDOca]Bted into each cul 


Fowcolo- 


colODlee. 
Nogcowth 

No growth 


No growth 
No growth 


Nods. 

No growth 


2. Above iiample of milk Incubated at £8- 
C. for Biidays beFoie tnaktne cultures 


No growth 



The conclusion from this and the foregoing experiment is 
that this ot^anism is not killed in the surface pellicle at a tem- 
perature that is fatal to the germ when exposed in the deeper 
layers of the milk. In the surface membrane, the organism 
is capable of retaining its vitality when exposed for ten minutes 
at a temperature of 82* C, while it is destroyed in the milk 
below at a temperature about 6° C. lower. 
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CAUSE OF INCKEASED EESI8TANCB IN SURFACE PELLICLE. 

Having determined experimentally the increased resistance 
of the organism tested in the surface pellicle, the question next 
arose as to the cause of this increased resbtance. 

Two possible explanations might be advanced as explanatory 
of this condition. 

1, Diminished temperature of membrane at surface in com- 
parison with the remainder of the milk. 

2. Protection afforded to the bacteria by the nature of the . 
membrane itself. 

Where evaporation is taking place, as at the surface, the tem- 
perature is naturally reduced and it might be thought that 
this would influence the thermal death point. To-eliminate this 
factor, the following experiment was performed : 

After a sample of milk had been heated at 76° C. for ten 
minutes the membrane formed was removed and immediately 
placed in water at the same temperature. The difference in 
specific gravity caused the membrane to sink and the heating 
was continued for a period of 5-8 minutes under these condi- 
tions. Cultures showed that even where the membrane was thus 
submerged in water, and under conditnons that precluded evap- 
oration, the vitality of the organism was not destroyed, although 
a considerable larger number of organisms were killed. 

The elimination of this factor leaves the alternate hypothesis 
advanced as the most probable explanation of the phenomenon 
here discussed. Attempts have been made to produce an arti- 
ficial membrane that was permeable to water, which when in- 
fected would give conditions comparable to those that obtain 
in the "scalded layer" in milk, but so far we have been unable 
to obtain satisfactory results. In all probability the increased 
resistance is due to the diminished wat«r content of the scalded 
layer. Under these conditions the organism is exposed to an 
environment in which heat rigor does not occur as readily as it 
would in a liquid medium. An analogous phenomenon is to ba 
noted in the marked variation which dry and moist heat exerts 
on the destruction of living protoplasm. 

1^ r- \ 
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_ CONCLDSION. 

The destruction of bacteria in milk by means of heat depends 
upon the conditions under which the exposure is made. Where 
milk is heated so as to permit of the formation of the surface 
pellicle ("scalded layer") the thermal death point of oi^nisms 
ie materiaUy increased. This point has considerable bearing on 
the vitality of bacteria when subjected to various methods of 
preservation (sterilization and pasteurization) that have been 
applied to milk intended either for direct consumption or for 
' butter making. Manifestly, the destruction of pathogenic or 
disease-producing bacteria is the question of most importance, 
and the work previously done by Theobald Smith, as well as 
ourselvffl, on the tubercle bacillus shows that this dangerous dis- 
ease-producing species may retain its vitality in milk for a con- 
siderably longer period of time if conditions permit of the 
formation of the scalded layer on the surface of milk. 

This relation of the surface membrane to the varying vital- 
ity of bacteria in milk is shown: 

1. By growth of organisms In membrane at higher tempera- 
tures than in the milk below. 

2, By sterility of membranes removed after initial membrane 
has once been formed. 

The increased resistance of bacteria in the surface membrane 
is not entirely due to lowering of temperature at surface but 
appears to be affected by the nature of the raiclosing membrane 
itself. 
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INFLUENCE OF THE RIGHT AMOUNT AND THE RIGHT 
DISTRIBUTION OF WATER IN CROP PRODUCTION. 



The present year has been very unfavorable to lai^ yields of 
almost all crops, both on account o£ the small amount of rainfall 
and its bad distribution. The actual conditiona as regards rain- 
fall are given below : 

Rainfall for Mndiion daring the growing season of 1901. 



Daw. 


iSB 


fatuo 
periods 


Date. 
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RhIu- 
periods 
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Comparing the rainfall of this year with that of last year, 
which was exceptionally favorable for com and potatoes but 
poor for hay and small grains, the figures stand as in the table 
below: 

Rainfall for 1900 and 1901 grouped in 10 day periods. 



Date. 


April. 


May. 


June 




. '-'"! 'S 


20-30 


30-10 1 10-20 


20-30 


30-B 1 »-lfl 
0.18 1.07 
0.1« I.B7 










ial i:il 




Datfl. 


J.1,. 


August. 






alal 


19-2B 


K| III 


1-1 


1 a.«l 

















oqIc 
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Comparing the two seasons it will be seen that the most 
marked difference between them is in the month of July, where 
each ten-day period of 1900 Jiad more than an inch of rainfall, 
the total being 7.08 inches, while in 1901 the total was only 1.6 
inches. In 1900 the serious dry period was during the last ten 
days of April and through the month of May, which made a 
short first crop of hay, and the first crop this year has been sim- 
ilarly shortened. 

THE YIELD OF HAT. 

In our soil moisture studies we have regularly kept the mois- 
ture on our plots of clover up to the best conditions for growth, 
80 as to secure the full advantage of the clover on the soil. 
This year makes our sixth crop of clover and oat hay grown in 
rotation with com and potatoes and the following are the yields 
this year: 

Yield of ha.V under irrigation. 



No. of plot 


X 


3 


4 


8 




"S- 


OaU.Dd 


Ctoier. 


Alfalfa. 




Jst crop la tona oer acre 


Ti 


■1 


Tons. 
3.626 

i.m 
































4.92S 


1,755 


4.900 









The average yield per acre since the Summer of 1896 in our 
ystema of rotation has been as given below : 

Tons o( haj per acre contalDlnK 



Average 4.378 

This year there were 4.2 acres in hay from which we cut 
20.59 tons, which we could this year have sold readily in the 
local market at $9.00 per ton. Without irrigation our yield , 
could not have exceeded 1.5 tona per acre, which leaves the gain 
3.4 tons per acre. 

D.qitizeabyG00l^lc 



Agricultueal Experiment Station. 



THE YIELDS OF COEN. 

The yields of corn expressed as water-free dry matter and as 
silage has been as given below : 





IlrSIG 


ATED. 


NotU 


104TBP 




Drj matter 

lbs. per acre 


Aa aUage. ton> 


per acre. 




8,102 
7,«6 


16.60 
14.28 


6,893 
6,238 


use 












E:565 


10.71 


6.6S 








Difference 


2,189 


<.30 





The irrigation has thus increased the silage at the rate of 4.2 
tons per acre and the water-free dry matter 1.09 tons per acre. 
As our pump and engine have a capacity to easily handle 
twenty acres its saving might have been 80 tons of silage, or had 
the twenty acres been in hay, the saving would have been easily 
60 tons since our actual gain on four acres was 3.4 tons per 
acre. 

The yields of ear com this year on plots 5 and 6 have been an 

average of the amounts given below : 

Irrleuted. Not Irrigated, 
Bu. per acre. Bu. per acre- 
Ear com of TO lbs. per bu. contalnlDE 15;! mobtnre.. ee.3 30.14 

There has thus been a gain of 35.16 bushels of com per acre 
due to better supply of water and, figured on twenty acres, the 
area the irrigation plant could have handled easily, the gain 
due to irrigation would have been 703.2 bushels. Our mean 
yield of com silage containing 30 per cent, of dry matter, on 
irrigated ground, has been 16,688 tons per acre during the last 
eight years. 



The potatoes this year, as on previous ones, have been grown 
on clover sod manured at the rate of 18.6 tons per acre on plot 
2 and 20 tons on' plot 7. Our rotation has been com, oats 
seeded to clover, clover and potatoes, with 20 loads of manure 
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per acre. The ground has Urns been manured once in four 
years. Our yields this year have been : 





iKBtQATED 




UNlttBIOATBD. 




Large 


bu. per 


bu. per 

acre. 


bo. per 


bu. per 


bii,p«r 


Plot 2 after 'clover sod 


39S.M 

m.ts 

359,21 


19.36 
21.62 
26.29 


417.e 
347.67 
3B6.B 


11^.66 

1B5.S7 
221.71 


17.80 
.23.56 




Plot 7 after clover sod 




Plot 10 after corn fallow 










361.17 


"■" 


383.59 


201.69 


U.26 









From this table it appears that, with a mean yield of 201.59 
bushels of merchantable potatoes per acre on ground not irri- 
gated, holding the soil moisture up to standard conditions by 
irrigation increased the merchantable tubers 159.58 bushels per 
acre. These potatoes were hauled from the field and sold at 
45 cents per bushel, but they were selling on the regular market 
at the time at 51 to 53 cents per bushel. As our irrigation 
plant could easily have handled twenty acres it would this year 
have increased the yield from such an area 3,191,6 bushels, 
making the gross earnings $1,436.22 more than the earnings 
without irrigation. 

The mean yields of merchantable potatoes during our last 
six years of soil-moisture studies has been as given below: 



1 Irrigated, 
I bu. PBf Bcre. 


Not 


irrigated. 




383:6 

36i:s 
































301.7 













It had been our purpose to carry this series of studies through 
ten years, so as to obtain a safe average upon which to base 
conclusions regarding the profits which might be expected from 
irrigation on fairly heavy soil in Wisconsin. As circumstances 
make it necessary for us to close the work here we shall draw 
our conclusions from the observations of seven years. 



g|| 



)vGooi^lc 



Ageicultueal Experiment Station. 199 

We have had in mind the management of about twMity acres 
aa a combined dairy and potato farm where intensive farming 
shall be practiced in aueh a way as to maintain the fertility of the 
land without purchasing any fertilizers other than what would 
come through grain or meal bought for feed. 

With twenty acres, of which six ia occupied by farm buildings, 
a garden and a paddot^ for the cows in summer, there would 
be left fourteen acres for the four-year rotation we have been 
practicing and at the mean yields we have secured during the 
last seven to eight years the fourteen acres would produce each 
year: 



GS.US tODH o 


corn sLlage containing 30^ dry matter. 


12.675 tons o 






clover bay containing SSf dry matter. 


10.066 tons 


oat hay containing gS* dry matter. 


1.066.6 bushe 


8 oC mercbantable [wtatoeB. 



It would require not leas than sixty acres of land well man- 
aged to secure the above average product every year without ir- 
rigation in Wisconsin and the extra forty acres would more than 
pay for the irrigation plant, while the difference in the amount 
of labor would much more than compensate for the labor of 
irrigation. 

It is not of course practicable nor desirable to irrigate all lands 
but there are thousands of cases where water can be applied 
cheaply where men now having small farms can make them the 
equivalent of much larger ones by a judicious use of water in 
irrigation. 
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INFLUENCE OF CLOSE PACKING OF CORN IN THE 

SILO ON THE UNAVOIDABLE LOSSES IN 

MAKING SILAGE. 



In the annual report of this Station for 1900, p. 191, is 
given an account of an experiment to detennine the influences 
of close and loose packing of com on the unavoidable lossea in 
making silage. This experiment was repeated this year tinder 
better conditions with the apparatus represented in Fig. 47. 

On November 17, 1900, two one-quart and two pint glass 
milk bottles were filled with well-matured com, cutting the 
stalks and ears into short sections and then splitting each sec- 
tion in two, putting one-half of each piece in the pint bottle and 
the other in the quart bottle until the pint bottle contained as 
much as could be pressed into it. In this way two pairs of bot- 
tles were filled in such a manner as to have closely duplicate 
material in each bottle hut with the entangled air in the quart 
bottles more than that in the pint bottles. 

After filling the bottles they were closed with corks covered 
with a heavy coat of sealing wax and containing a mercury valve, 
represented in the illustration, which prevented any air from, 
entering on account of changes in temperature or barometric 
pressure, but which permitted the escape of gases evolved. 
With this arrangement the only losses in weight which could 
occur must be due to the'escape of gaseous products and mois- 
ture in vapor form associated with the gases. 
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The weight of com put into each of the four bottles is given 
below, together with the losses: 







ibtPais. , 


2nd Pair. 




1 plut. 1 1 un,rt, 1 


1 plm. 1 1 quart. 


Weight 


01 c.r. at »tart 


1.0 
.31 


It 


299.6 
I'.ET 

lieo 

































These results make it clear that close packing of the silage, 
which excludes at once aa much of tlie entangled air as possible, 
reduces the unavoidable losses to an appreciable extent, the two 
quart cans, which contained the larger volume of entangled air, 
losing during 303 days 3.21 and 4.H per cent, of the green 
weight, respectively, while the two closely packed cans lost only 
.74 and 1.87 per cent,, the average loss being nearly three times 
as lai^e with the loose packing as with the close packing. 



FiQ- II- ApparatnB used tc 



ip of close and loois packing 



The two pint bottles containing the closely packed com came 
to a constant weight in eight and nine days, respectively, while 
the two loosely packed bottles continued to lose daily for twenty- 
eight and thirty days, more than three times as long. 
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After ike rate of cliange had become small there appeared a 
periodicity in the rate of change of weight of the ailage, very 
pronounced with the closely padded silage, the periods of no 
change in weight being much longer than the periods when 
changes did occur. This periodicity is evident in data reported 
last year and must be explained on a biological or chemical 
basis. It is certainly not related causally directly to either tem- 
perature or barometric changes. 

THE OASES OF SILAOE. 

In the laat annual report, p. 195, an account is given of the 
measurement of silage gases given off from silage made in gal- 
vanized iron cylinders closed by soldering on metal covers so as 
to be thoroughly air tight except at the opening provided for 
leading off the gases for measurement. By passing the gases 
given off through a caustic soda solution to absorb the carbon di- 
oxid, the silo No. 4, filled with immature com, showed a mean 
ratio of 74.02 per cent, of CO^ to 25.98 per cent, of other 
gases, and the more mature com of silo No. 9 gave a ratio of 
72.24 of COj to 27.76 of other gases, while medium clover gave 
a mean ratio of 78.41 of COa to 21.59 per cent, of the other 
gases. During the first few days of the ensiling process the 
ratio of COa to other gases was found to be, in silo No. 9, for 
com, 43.01 of COj to 56.99 of other gases, and for medium 
clover the ratio was 47.10 of COj to 52.90 of other gases. 

These same silos have been kept in the laboratory undisturbed 
until the present time, and at my request Professor Whitson has 
made a number of analyses of the gases from these small sealed 
silos from time to time and also of those taken from the two 
silos at the Univeraity Farm. The results of these analyses 
are given in the table which follows: 
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Table showing the analytes of silage gases by Professor A. R. 
WhitgQfi, using Hempel's apparatus. 



ANALISBS OF COBN SlLAQE. 



Small sealed metallc silo, No. 9, Feb. 28. Silage 23D 

cia.Bold ; , 

Silase ni 



Silage ni 

jr fliiing witii fVesb 

LarchlA. Silage 2IA dajBold 

laled metal Eilo No. 9, Uarch IB, 3 days latei 
«Hied metal alio, No. 9, March »), 19 dai'i 
nnmmt,^ In air 

silo. No. e. April 15,31 dajaattsi 



pumping In air... 

AHALIBBB OF CLCiVBB SlI-AOE, 

I. Small sealed metal silo, No. 8, 17 Aa. Sept., Feb. 

as. Silage 2SS days old 

*. Small Healed metalsilo. No. S, 17 An. Bept., March 

H. Silage M7 days old 

). Small seeled oieUl silo. No S, IT Ad. Bept..UBreh 

15. Silaite 270 days old.,.; 

1. Small sealed meui ailo, No. S, 17 An. Re] 



, of Mar 



., dopli 



aeUl 



I. Uetal lined silo 



. Jo. Is 17 Aa. Bept., Sept. in, 

ige 4S8 dayxold 

ilailo. No. F, 17 An. Bept., Sept, 

gelWdajsold 

t larm, March 14, SilaRe 20Sdays 



IS. Uatalliaed sUo a 



farm, March Ifl. 
farm, Juue 17. 



silage 210 days 



23, Silo in Daii 



!, duplicate last ,. 



rrom these analyses and from the data presented in connec- 
tion widi the measurement of gaseous products from com and 
clover silage given in the last annual report, it appears that; 

First. In the earlier stages of the ensiling process carbon 
dioxid is the chief gaseous produce evolved. 

Second. Hydrogen is generally and probably always to be 
found as a constituent of the gas of clover silage and there are 
some indications that it is to be found in that from com silage 
also, but in too small quantities to be detected by ordinary gas 
analysis except in the residual gaa. 

Third. It appears quite probable also that the nitrogen found 
in silage gas is in part generated in the silo and not simply that 
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left over from the included air or carried in witli tiat which 
may subsequently enter. 

' It should be stated in regard to the gas analyses made by Pro- 
fessor Wbitson that the work was done in our Uniform Tempera- 
ture Koom in the sub-basement of the laboratory, lighted only 
by electricity, and where the only disturbing source of heat was 
that of the body of the operator. 

The evidence in favor of nitrogen being one of the gases gen- 
erated during the ensiling process comes chiefly from the data 
obtained from the three metal silos, No. 4, No. 9 and No. 8, 
which, after being filled, were closed with metal heads soldered 
in and proven to be gas-tight by forcing air into them under 
pressure. Two of these siios and the method of collecting and 
measuring the gas are represented in Fig, 24 of the last annual 
report. 

The amount of space occupied by air in silo No. 8 was ascer- 
tained by filling the silo with water, introducing it at the bot- 
tom, September 20, 1901. Weighing this water gave the spe- 
cific gravity for the clover silage of very nearly 1, and taking 
1 as the specific gravity of the corn silage, the amount of air in 
each of the three silos at the commencement of the experiment 
was very close to the figures given below : 

Slto No. 4. SllD No. 9. silo Ho. S. 



The total amounts of gas collected from the three silos were as 
follows : 

silo No. * SHo No. 9 silo No. 8 

daring T9 days, during 66 dafS. durlue 67 days. 
Gas given off 20.10 eu. ft. 17.05 ca. (t. J5.7 eu. ft. 

On the supposition that carbon dioxide was the only gas pro- 
duced in these silos duriifig the intervals above and that the ni- 
trogen was carried out with the CO2 in the proportion that it ex- 
isted in the silage gas, starting with a ratio of 22 oxygen to 78 
of nitrogen, the nitrogen should have been reduced by dilution 
with carbon dioxide produced after the escape of the amounts of 
gas above to the following per cents. : 

silo No. 1. silo No. 9. Sno No. g. 
Amount ot N. remaiuEae (per rent.) 2. S3 E.14 T.5Z 
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The amounts of residual gas wliieh were found near tHe close 
of this part of these experiioents were as stated below: 

silo No. 4. Silo No. 9. Silo No. 8. 

Mean betwepn Mean between Mean between 

Auk. so ft 31 J0I7 E ft Ang. 5. July IE te Ang. 15. 

Besldnslgas (percent,) 29.30 26.51 20.27 

. If these results can he accepted they show an excess of residual 
gas over what should be expected, if only the residual nitrogen 
of the air originally in the silo were present, by the following 
amounts : 

81 
Eiceaa of residual sas 



To account for this excess of residual gas there appear to be 
but four possible explanations: 

1. Diffusion of gas into, and from the collecting reservoir 
through the water over which the gas was collected. 

2. The failure to absorb all the CO2 by the caustic soda. 

3. Leaks in the three cylinders which pernaitted air to enter 
the silage. 

4. Nitrogen in the gaseous form given off from the silage. 
Considering the first supposition it is clear that if carbon 

dioxide coming from the silos was absorbed by the water and 
then diffused out into the air the nitrogen not doing so at an 
equal rate, the result would be to give too high a per cent, of 
nitroffen and mate it appear that this gas was being evolved from 
the silage. But the weight of the measured gases which did es- 
cape from each of the silos is so nearly equal to the observed 
losses as shown by the scales in each case as to bar out this ex- 
planation, especially when it is observed that much of the water 
and other volatile products coming over with the gas were con- 
densed in the collecting reservoirs, the water of which came to 
have a very strong odor and .taste, which cannot be due to the 
carbon dioxide. 

In the table below are given the losses from the three silos as 
shown by the scales and by the measured gases: 
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■In computing the weight of the gases we have called the res- 
idual gaa all nitrogen, which analysis requires, except for that 
from the clover silage, which contained a measurahle but small 
amount of hydrogen. 

When we came to open the three silos we found the appear- 
ance of all of the silage remarkably perfect and free from acid, 
the typical odor of "sweet silage" being unusually strong. The 
clover blossoms were not blackened and in some cases even re- 
tained a little of the pink color. 

It is certainly not possible to explain the excess of nitrogen 
in the measured gas on the supposition that it got into the silo 
through leaks; first, because during the collecting period there 
was always outward pressure, and, second, because the quality 
and losses of the silage are against such a view. It may per^ 
haps be urged that the excess of nitrogen diffused into the col- 
lecting reservoir through the water from the air outside, but 
when it is stated that the collecting bells are more than two feet 
long and have a diameter only one-half an inch less than their 
containers it does not appear possible that the diffusion could be 
rapid enough through so long and thin a column of water to ac- 
count for the excess. 

The large amount of nitrogen which Professor Whitson's 
analyses show to have been present in silo 'No. 9 and Ko. 8 later 
in their history, as given in his table on page — , is perhaps even 
stronger evidence that nitrogen is evolved in the silo under per- 
fectly normal conditions when perfectly normal silage is pro- 
duced. Referring to his results, it will be seen that he found in 
silo No. 9, 51.8 and 72.8 per cent, of residnal gas and-dn silo 
'Ro. 8, from '57.2 to 65,2 per cent., where it was all nitrogen 
except about 3 per cent, of hydroeen. This increase of. nitro- 
gen in &e silage gas must either be due to a generation in the 
silo or to a leakage of air into the silo. 

SILAGE AIE BECOMES EAEIFIED. 

It is true that after the stage of rapid generation of COa has 
passed there come to be developed in the silo a negative pressure 
which tends to suck air into the interior. In our experiment 
with the pint and quart bottles the suctional effect at times 
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reached a full inch of mercury, and we have measured a prea- 
Bure into silage in the silo of the Dairy bam of 9-16 of an inch. 
Thifl is a fact of very great practical significance because it 
shows how important it is that the silo walls should be air-tight 
and that the silage should be closely packed, for otherwise this 
strong inward pressure will carry into the silage large volumes 
of air. 

In the case of our experimental silos, however, no air could he 
drawn into them except from the gas reservoirs, but if nitrogen 
enough could have diffused through the water into the reservoirs 
it would have passed into the silos and given the results found 
by Professor Whitaon. The good quality of the silage, how- 
ever, appears to militate against this view, 

SILAOE MAT BE EXPOSED TO AIE WITHOTTT NOTABLE LOSS OF 

WEIGHT. 

We have proven, however, that silage, after having passed the 
early stages of rapid change, may be exposed to air for a long 
time without suffering notable loss in weight. This was done in 
two experiments. The first of July, 1901, we disconnected silo 
iN'o. 4 from the collecting reservoir and left the 3-16-inch brass 
tube, to which the rubber tube had- been connected, wide open 
until September 23. We were led to do this by the notable 
breaking down of the silage which had been observed in some 
of our fruit-can experiments without much loss in weight. 

When we came to open alio No. 4 we were astonished to find 
the com silage unusually bright, wanting in acid, and the odor of 
sweet silage very marked without a trace of mold. Moreover 
a bushel of the silage was readily eaten by a cow which was 
being fed at the time on lawn grass and was not accustomed to 
silage. Indeed, so natural did this silage appear that with' all 
my practical experience with silage I came very near disposing 
of it before I discovered that it was not normal. On tasting the 
silage I found it not only less acid than any I had ever examined 
but it had a decidedly abnormal taste. The silage was evidently 
spoiling, but it had stood nearly three months open to the air 
of the laboratory in the manner described without molding in 
the least and losing in weight only .3 pound, or .4 per cent., 
from May 15 to Septeniber 18. 
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The other experiment consisted in pumping air into silo No. 
9 on March 15, forcing a large volume into the silo at the bot- 
tom and out at the top. Professor Whitaon analyzed the gaa 
from this silo several times after this treatment, with the re- 
sults given below : 







0. 


a.. 




esidual. 




13. H.2 

f,i !;S 

IS.S 0,2 




1 

1 






.20 

















During this interval a considerable volume of gas collected 
in the. reservoir, but it was not measured. 

On opening this silo Seotember 23 only the slightest traces of 
mold were to be found, the silage had a beautiful green, fresh 
appearance and the normal "sweet silage" smell, but associated 
with this was a bad odor, not very strong, and the silage ha3 
acquired a disgusting taste. 



COSCI.TJSIONa. 

The true situation of the ease appears to be this ; We know 
that during the early stages- of the ensiling process, carbon diox- 
ide is given off in large volumes. Hydrogen is given off from 
normal clover silage in both the earlier and later stages and it is 
probably a constituent of the earlier gases from normal com 
silage but produced only in small quantities. Nitrogen, other 
than that of the residual air, is likely to be proven to be a notable 
component of the gases from normal silage at all times. Water 
vapor and other volatile products escape with the gases of nor- 
m'al silage at all times, but their quantitative relations have not 
been sulficiently investigated to permit any statement as to how 
large the loss from these sources may he. Changes take place 
in normal silage which cannot be measured by either a loss pi 
weight or the escape of gaseous or volatile products and these 
must be investigated before the changes in feeding value due to 
the ensiling process can he estimated and understood. The 
more loosely silage is packed in the silo and the larger the vol- 
ume of entangled air the greater will be the unavoidable 
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losses. The more open and porons the silo walls are fhe larger 
will be the volvune of air drawn into the silage by suction and 
forced in by wind-pressure and barometaic diangea. The larger 
losses near the upper surface of the silage, and especially at the 
sides, are measurably increased by what may be designated silage 
breathing. The loss from this source could certainly be reduced 
and possibly to a notable extent by providing a metal cover under 
the roof which, when the silo is filled and the doors closed, would 
leave the silo nearly air tight Such an arrangement would re- 
duce tiie breathing and l^us lessen the loss, 
14 
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DEVELOPMENT AND DISTRIBUTION OF NITRATES IN 
CULTIVATED FIELD SOILS. 



t. KING AJTO A. R. WHITSON. 

it year an effort has been made to continue 
last season on all of tlie plots, tlie object 
; differences may result with differences of 
change of crop. Nitrate determinations 
ice each month and always in each of the 
samples being taken as described last year. 
) total soluble salts as indicated by Whitney's 
as been discontinued because it was learned 
td gave results which agreed fairly well with 
iod for the surface foot of our soils, there 
ment when the second, third and fourth feet 
gravimetric method giving more soluble salts 
ess with the clays than the electrical method 
3 an approximate agreement with the loams 
iate in texture. 

NITKATE8 WITH THE SEASON AMD WITH THE 
CBOPS. 

3 expressed in parts per million of the dry 
irmined and wiU appear in a forthcoming 
imounts found in each of the four feet of the 
dates, beginning with April 9, just as the 
le ground, and ending with September 2. 
itent of the soil in the early spring for 1901 
lat of 1900, as given in Bulletin 85, pp. 18 
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and 19, it will be seen that there is a notable difference. This is 
brought out more clearly by combining the data as given below. 

Table showing the mean nitrate content of soiln, just aa tkefrott it 
going out, on ground which the year before had been under corn, 
potatoes or clover, or oafs seeded to clover. Amounts in parti 
per million oj dry soil. 





Depth. 


SoU under 


BoU under 


SoU under 
olaTST or 
Oft ta seeded 




1st ft! 
2nd ft. 
2Dd ft. 

3rd ft! 
4th ft. 
«b ft. 


43.B0 

II 

8.05 
15.2J 








1 

22 


03 
76 
96 







































From this table it appears that the surface foot is much 
richer in nitrates in the spring of 1901 than in that of 1900, ex- 
cept on the clover plots. The same statement is true for the 
second and third feet also, but in the fourth only the soil of the 
com plots is richer in nitrates in 1901 than in the spring of 
1900. 

When a similar comparison is made for the month of Septem- 
ber the results stand as given in the table below : 



Table showing the mean nitrate content of soils in September on ground 
which has been under corn, potatoes, or clover, or else oats seeded 
to clover. Amounts in parts per million of dry soil. 



Dry 8oU. 


Depth. 


Sou under 


Soil under 


Soil under 
to olorer. 


. 


1st ft. 

Ist ft. 

IS?,: 


S.K 

9.sn 


38 «» 






1 

1! 


«0 

;o 









































At the banning of September, this year, there was more than 
eleven times as much nitrates in the surface foot under com than 
last year at the same date, and more than seven times as much 
under the potatoes, but under the clover the conditions are re- 
versed, the nitrates being six times as strong in 1900. In every 
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foot tie soil is richer in nitrates in September, 1901, under 
com than in 1900, but under potatoes the conditions are re- 
versed in the lower three feet, while under the clover the 
amounts are too small for the differences to have significance. 

In the middle of the summer, July 1, the nitrates under the 
com are less in 1901 than in 1900, except in the first foot. 
Under the potatoes they are less in each foot'except the second 
in 1901 ; hut under the clover there are more nitrates in 1901 in 
every foot except the surface. 

If we compare the mean amount of nitrates under the three 
crops in 1900 with that of 1901, the results stand as ^ven 
below ; 

Table showing the mean amount of nitrates In all plots in each foot 

and the total in the four feet for 1990 ana 1901 in apring, 

mid-summer, and in fall. 



NlTBATBB, POONTia PI 



all plots, Apr. 18, 1900. 
all plots, Apr. S, 1»DI. 

all plotB, Inly S, 1300. 
... all plots, Julj 1, 1901. 
IBerence 

all plots, Aug. 30. IWO. 
,. all plots, Sept. 3, 1901. 
IBetence 



.1S1.S 
4TS.58 



Referring to this table it will he seen that at the beginning of 
September the excess of nitrates in the surface foot is 282.9 
pounds per acre in 1901 over that of 1900 and there were 71 
pounds more at the start in the spring. 

Considering the total nitrates in the surface four feet of soil, 
there were 131,54 pounds more in the spring of 1901 than in 
1900, and 291.93 pounds per acre more at the banning of 
September. To what these differences may he due cannot be 
said with the data now available; they may have resulted from 
any one of three causes or a combination of them: (1) a longer 
surface evaporation and less percolation, thus bringing more 
nitrates into the surface four feet from below and permitting 
less to be lost by underdrainage ; (2) a more rapid and deeper 
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nitrification owing to better aeration as the result of the smaUer 
rainfall; (3) smaller yields of dry matter per acre, thus re- 
moving leas of nitrates formed in the soil. 



JEO0EIITRATE3IN R\RT5 
160 PER MILLION OF 

160 Dry SOIL 




Fro- 4&-'BhoviDB changes in 

IDlM 

The yields of dry matter this year have been, on the whole, 
where the samples were taken, smaller than last year, but the 
difference appears too small to explain the facts under consid- 
eration. 
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The difference in the nitrates of the several plots for 1900 and 

1901 are represented graphically in Fig. 48, pp. 213, and I^'igs. 

49 and 50 represent differences for individual plots: Fig. 49, 

crop has teen the same hoth years, and Fig- 50, 

crop was different. 



— I 1 ji-'-T. r 

RATES \N PARTiA \ 

1 MILLION OFJ* \ 

tSOlL ■' -^ ^ 




INS IN THE AMOUNTS OF NITEATE8 IN CCLTIVATBD 
PLANTS. 



lection with the nitrate studies of the soil this season 
: has been done to ascertain the variation of the nitrates 
ps themselves growing upon the same soils at the same 
e nitrates in the plants have usually been determined 
' following the nitrate determination in the soil, taking 
. for sampling near the places where the soil samples 
1. The results found have been computed in two ways : 
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PER MILLION OF DRY 
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2O0 
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X^ 






I 
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140 








i/ 










- 


120 
100 






fy 


7 












80 
















: 


60 




/ 














I 


40 




/ 














: 


20 


« 

20 

d 


> 






\ 


^ 


gg^ 


ll900 




■I 






-.^ 






fZS^ 


- F' CLOVE 


190p 


~_ 


APRIL 


MAY 


JUNE 


JULY AUQUST 



Fia. BO.— Sbowing cbaogM in tlie amounts of nitrates in eoil grovioc otover 
potatoee in 19U1. 

(1) aa parte per millioa of the dry matter in the plant, . 
as pai^B per million of the plant moisture. In some case 
tratea have been determined in the stem and leaves ee; 
and the results are given in the table which follows, 
with the parts of nitrates per million found in the aoil j 
of t3io surface foot; 
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Table giving the nitric nitrogen in plants expressed as calcium and 
magnesium nitrates in parts per million of the dry matter and of 
the plant moisture; together with the nitrates in the soil moisture 
of the surface foot. 





Nitrataa. 




June 


June 
15. 


July 2 


July 18 


AuKDSt 

1,292.0 
KB 


•T" 


*?■ 




luaotlmoistars.. 

Id plant moiBture 

In dry matter of 1 
plants ... f 


Leaves 




780,3 


7412 
8,193.U 


1.2».5 
183.7 


.,». 


1,544.5 






S,31».S 










1,660,2 
7,174.0 


sii.: 

2,BSB.8 


853.( 
1.043:1 


21a,) 






l«aies 
Stem.. 




.^.'?:! 














SI 

8.232.7 


TW.l 


i.2 


'■Z-' 
..ii 






!=£« 


Umvee 
















Bbsm.. 
























S:8 

2,829:! 


1., 


823 

sr. 


a' 

1B5,7 
111,7 




Plots, 


In dry matter of i 


L«aTes 

Stem.. 




g 












'SI 

3,886.; 


,i;|i 


'532:5 


1,461; 




Plot 2. 


tesrsss]' 


stem. 














53.882.0 


3.470,0 


4,ez.s 










i.m.'t 


SI 






1.437.8 






^£i".?,^T 


Leaves 






pota- 

toes. 


2,E30:8 


2,513:4 


4.113.4 










y&i.-i 


481.1 

■.S:i 

8,781 7 




143:3 


B07:f 




Plot 10. 
pota- 


In plant moiature 


s:: 












2,782,7 


3,017.5 




















■u.i 


I 




14fi.l 


42,3 

3M 

179,0 




M W \ 


^Er^'"^ 


St'msA 
leares 


381 

m.fl 


018 










iKe 

172.1 
13S.4 


::: 

!,71. 




82.5 
183 
628 


21. S 
283 




Sef 


In dry matter of 


»&t 


153.6 


ISS 
807 


Plot 4. 
clover. 


In dry matter of 


St'mi'ft 
lesTss 


477 


101. 1 

671 


m. 


140 
541 


266,5 


43.2 
328 
133.4 


IM 

859 










Bl 


165 


264 


B22 


19.1 

2SS 




Plot 8. 

alfalfa 


In plant moisture 
Id dry matter of 


^?;s'4i 


188.7 


443 
208. B 



The method used for determinuig the nitric nitrogen in the 
plant tissues is as follo\ra: 

A sample of plants from the field was first chopped fine and 
mixed. From this mixture 20 grams were weighed out, placed 
in a wedgewood mortar, thoroughly crushed, and finally worked 
up with 250 c. c. of distilled water placed in the mortar. Twen- 
ty c e. of this solution was drawn ofE into an evaporating dish 
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and heated over a water bath for a few minutes, to partly coag- 
ulate the organic matter. It was then allowed to cool, after 
which 6 to 8 drops of aubacetate of lead, U. S. P., are added, 
with stirring to precipitate albuminoidB. Then about one gram 
of powdered animal charcoal, previously digested in sulphuric 
acid and very thoroughly washed, is added, allowed to stand for 
an hour with occasional stirring and then filtered and washed 
with distilled water, making it finally up to 100 0. c. 

The method of procuring a clear solution is that of A. Fag- 
noul, as described in Ann. Agron. 22 (1896), No. 10, pp. 485 
to 590, slightly modified. An aliquot of this solution is then 
evaporated and treated as described in Bull. 85, p. 38, 

To determine the moisture content of ih& sample for computa- 
tion usually 100 grams of the cut material was dried. 

As to the general accuracy of the method when applied to this 
dass of problems we can only cite some tests Or checks which 
harebell made. 

The first check was to ascertain how completely a known 
quantity of KNOj added to the distilled water in which the pulp 
was worked could be recovered. In the first trials the plant 
sample was worked up with distilled water and to this was added 
10 c. c. of water containing 72.2 parta of KNO, per million. 

The material used was a section of corn stems split in two 
halves, one-half being worked up with distilled water containing 
72,2 parts of KNOg per million, thus securing two as closely 
duplicate samples as practicable. The results secured were: 





ReadiDgs hs 

Istobseryef 


Zd obeorTer. 




ilsoo 














100 















When these results are expressed percentagely they show in 
one case .708;^ too much and in the other .714^ too little. 
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The second check on the method was to add a stronger aolution 
of the KNOa containing 722 parts per million, working both 
sets in duplicate. The results stand : 





BeadingB bi 
l3t observer 


2d obse.»6r. 




'2' MO 


a3M 
























Or, combining in the other way, the cesulta stand: 




2:»n 














1,000 













Expressing these results pereentagely, the first grouping 
shows 3.16;^ too much and the other 1.57^ too little; while tlie 
second grouping shows 1.81^ too little in one case and 3.39^ 
too much in the other. 

As an example showing bow closely work can be duplicated, 
the following case may be cited: On the evening of July 19, 
t«n btalks of com were cut from as many difEerent hills along 
the margin of plot 5 and ten others in the same hiUs as nearly 
the size of those cut were marked to be cut in the morning of 
July 20, our object being to ascertain whether the method would 
show a change in the nitric nitrogen content during the night 
when the sunshine was absent. Each set of ten stalks was 
chopped fine and six samples taken from each of the two lota 
for nitric-nitrogen determinations and three samples for the de- 
termination of the dry matter. The electrical resistance of each 
solution was taken at the same time the other work was done 
and both sets of results are given in the table below: 



i 
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Table showino the agreement of nitric nitrogen determinatiotu tn two 
independent field samples of com and of 6 duplicates from each 
of the two samples, together with the electrical resistance. Nitric 
nitrogen is computed as calcium and magnesium nitrates in parts 
per million of dry matter. 



Sahflbb Takem p. M.. Jdly IB. 


Savpleb Taken A. U., Jdli ZO. 


mattet. 


meter 


■SSfioT 


Electrical 

reslstmoo. 


Per cent. 
of dry 


r^adUis. 


N Urates 
parw pet 


Electrical 
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Be.l{« 
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li.t 


\T. 


SS,<B6 


SS 


8.8 


l!i 


M.S52 
IIS,353 


iS 


9.0 


131 


S3,2»0 


2.990 
i,9S0 


8.7 


IS 


S!:3II 


5:S 



In these cases the sample was made to cover the lower meaa- 
iired foot of each atalk of com. 

Referring now to the table giving the nitratra in Uie crojB 
at different stages of maturity it will be observed that in the case 
of the com the nitrates, whether expressed in terms of the plant 
moisture or of the dry matter in the plant, have, in generalj de- 
creased with the degree of maturity in the crop; but with the 
potatoes or clover this relation is not so marked. 

Where the determinations have been made in the leaves and 
stems separately the results show a greater concentration of ni- 
trates in the stems, as would be expected if the nitrates are 
broken down in the leaves or converted into organic nitrogen 
eomponnds. 

Everywhere the degree of concentration of nitrates in the sap 
of the plant stems is much higher than it is in tJie soil moisture. 
This appears very strange from the physical point of view and 
much more in harmony with the views formerly held by Berfh- 
olot and Andr^, that nitrate of potash is continually formed in 
the stems of plants, but not accepted as correct by most authori- 
ties at present, 
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A SOTJECE OF EBROB IN TOTAL NITKOGEN DETEEMINATIONB FOB 
PLANTS. 

The large amounts of nitric nitrogen present in field crops, ea 
shown by the eolorimetric method described above, have led us 
to question whether the ordinary Kjeldahl method which we 
have been using for total nitrogen determinations in crops gives 
the data we supposed we were getting, namely, simply combined 
organic nitrogen^ We had been following what appears to have 
been the general practice in this country in determining the 
total nitrogen in crops and did not anticipate that nitrates were 
likely to 'be present in sufficient quantity to make it necessary 
to take them into account in making determinations for total 
nitri^n. 

When it was found that the crops under study contained such 
large qaantities of nitrates it became evident that unless the 
ordinary Kjeldahl method included them we were not getting a 
true measure of the nitrogen removed from the soil; and since 
the ordinary Kjeldahl method is generally used to determine the 
total nitrogen and the amounts found are treated as organic ni- 
trogen we supposed that the nitrates are not recovered when the 
method is used and it was concluded that we were removing more 
nitrogen from the soil with the crops than our analyses were 
indicating. 

This led to testing the method and on making two duplicate 
sets of total nitrogen determinations for green oats in the milk, 
grown on soil very rich in nitrates, one by the ordinary and the 
other by the Kjeldahl method modified to include nitrates, the 
results given below were found : 

Bt the oidlnirr By the nodlflcd * 

method. metliod. 

Total nitrogen (onnd 1. 3.5B per cent. 1. 8.11 per cent 

Total DlCrosea louDd 2. 2.69 per cent. 2. 3.13perccnL 

AYerage 2.M per cent. 8.12 pec cent 

Dlffereace .48 percent 

The amount of nitric nitrogen shown to be present by the 
eolorimetric method was ,92 per cent., and subtracting ,48 per 
cent, from this there appears to have been .44 per cent, of nitric 
nitrogen recovered by the ordinary method, which, were it treat- 



)vGooi^lc 



Agbicultdbal Experiment Station. 221 

ed as proteid nitrogen, would give 2.75 per cent, too mucli pro- 
tein. Or, viewing the analyses from the standpoint of nitrogen 
removed from the soil the ordinary method would indicate an 
amount .48 per cent, too small, assuming that hoth the eolori- 
metric and the modified methods gave reliable results. 

Two similar duplicate sets of analyses were made of the stalks 
of com when the ears were in the roasting Jtage, ^ving the 
results below : 

Ordtnarr method. Modified metbod. 

Total nitrogen foDnd 1. l.VTE pec «eiit. 1. I.ISE p«r cent. 

Total nltroEon foand 1. 1.060 per cent. 1. 1.13G per cent. 

Arenge 1. on per cent. 1.I3D per cent. 

DiffeMnee .063 per cent. 

The amount of nitric nitrogen priesent in the com was .215 
per oent. and subtracting .063 from ihia there appears to have 
been .152 per cent, of nitric nitr<^n recovered by the ordinary 
method which, expressed as proteids, would be ,95 per cent, or 
the analyses would have shown .063 per cent, too little nitrogen 
removed from the soil. 



OHANQB IN THE AMOURT OF NITEATB8 IN FIELD SOILS DUEING 
THE WINTEH. 

In the last Annual Keport and in Bulletin 85, p. 14, observa- 
tions are cited showing that a field plot very rich in nitrates on 
August 32 came out the following May with a larger nitrate 
content than it had the preceding August, but it was pointed out 
that as it was not known how much nitrates may have been 
formed between August and the setting in of winter it was not 
possible to say how much loss from leeching may have occurred. 

This season samples of soil were taken on April 9, as soon as 
the frost was out of the ground, and the nitrates determined for 
all of our plots for the purpose of comparison with the amounts 
found last fall, November 29, just as the ground was freezing 
permanently for the winter. The results of the two sets of ob- 
servations are expressed graphically in Fig. 51 and in the table 
below: ' '■ T,^'',^] 
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Table shovtina changeg In tlte amount of nitrates f» the aurface, four 
feet of nine field plots betAceen Nov. 69, 1900, and April 9, 1901, t\e 
period during icAJch the ground was frozen. 
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U.77 
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lO.Si 
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o.so 
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1.88 


0.24 


2.80 

2.01 

— 0.70 


3. OB 
4.6S 



It will be seen from this table that there are but four cases in 
the nine plots and thirty-six determinations where there Has 
been a loss of nitrates during the winter. On the contrary, there 
has been a notable gain of nitrates even in the fourth foot, tho 
mean value being as stated below : 

l«t ft. 2nd ft. 3rd ft. 4th ft. 
Mean gain of nitrates, parts per mtllloD.... 8.724 7.02B G.13 .78EG 

Mean gain of nitrates, lbs. per acre 23.80 28. 3S £3.38 S.64 

The observations thus indicate a total gain in the surface four 
feet of 79.27 pounds, equal to 14.41 pounds of nitric nitrogen 
per acre. There appear to be but tfro sources of nitrates which 
can have contributed to this observed increase in the soil. These 
are: Ist, nitrification in the soil, and 3nd, capillaiy movement 
of water upward, sweeping forward and bringing the nitrates 
from below the four feet with it. 

Mr. J. O. Belz, p. — , has shown that in the surface six inches 
of soil from plot 4, nitrification may take place at the rate of 
.1594 parts per million of dry soil per twenty-four hours when 
the soil temperature is only a few d^;rees above freezing. Were 
Buch a rate of nitrification possible for the whole four feet the 
time required to produce the observed change would be 33.98 
days. Since the whole interval of time covered 183 days, and 
since during the whole period the lower foot was continually 
above 32 degrees T., and during much of the time the second 
and third feet also, it does not appear impossible that the gain 
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may have been made in tbia way if only it is true that nitrifica- 
tion does go on at such depths in the soil. 

It is quite likely, however, that the major part of the gain is 
to be explained on the basis of capillary movement of soil water. 
Observations made on the ground water under plot 2 at a depth 
of 7 to 8 feet showed a mean of 69.3 parts per million of nitrates 
present. On the basis of tbis amount there would he required 
5.05 inches of water to be carried upward into tbe surface four 
feet to account for the observed increase in the soil. 

During the winter months when the ground is frozen there is 
a considerable internal evaporation of soil moisture just below 
tbe frost zone, the moisture condensing and freezing in the soil 
above or escaping into tbe atmosphere. This loss of moisture 
by internal evaporation would tend to maintain a capillary move- 
ment upward to make good this loss, and wifli tbis would come 
whatever salts tbe water might carry in solution. We have 
measured the rate of evaporation from frozen soil in large cylin- 
ders out of doors and found it to be, between January 10 and 
■iu-=™t. io at tbe rate of 1.243 inches per 100 days or 1.653 
the period of the experiment under consideration. 
his amount of water is added that which would be 
in the frozen soil it does not seem improbable that 
. of water may have been carried from the de^er soil 
rface four feet aEove and with it not an inconsider- 
it of nitrates, perhaps enough even to account for the 
-erage increase. It appears to us, however, that both 
nitrates referred to above have been responsible for 
3 noted. 

or TBMPEEATUEE ON THE BATE OF NITHIFICATIOK. 

leriment was conducted by Mr, J. O. Belz, a gradu- 
Jniversity of Iowa, who has been taking Soil Physics 
study in our laboratory the present year. 
used was tbe surface six inches of a clay loam taken 
, April 11, before the frost was all out of the ground ; 
ject of the experiment was to ascertain the relative 
trification under four nearly constant temperatures, 
: JJMr 32°, 50°, ^O'^ and 90° F., respectively. 
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The method of conducting the experiment was as follows: 
From a large quantity of the field soil, thoroughly mixed in a 
tray out of doors, when the temperature was near 32°, about 
3,000 grams were taken and put into a four quart tin pail to be 
placed in another receptacle surrounded by water at the desired 
temperature. The sample to be studied under the lowest tem- 
perature was surrounded by iced water. The second sample 
was placed in the large water reservoir in the basement of the 
laboratory; the third was placed in a store room near the cen- 
ter of the building surrounded by water in a tank containing 
about 6 cubic feet, while the fourth was placed in the laboratory 
in a similar tank of water, the temperature of which was con- 
trolled by a gas flame. 

The nitric nitrogen content of the soil in each pail was de- 
termined by taking duplicate samples of 50 gms. each at the 
starting of the experiment and on each succeeding date, and 
much care was exercised not to have the soil samples exposed to 
the temperature of the laboratory more than a few moments be- 
fore the nitrates were washed out in the formalin solution to 
arrest both nitrification and denitrification. 
, The soil was kept under conditions which permitted normal 
aeration and the moisture content of the soil was maintained 
nearly constant by the addition of water at the time the samples 
were taken, to restore that lost by evaporation during the in- 
terval. 

The observations extended over a period of 27 days, from 
April 11 to May 8, and the results are given in the table below 
and are shown graphically in Fig. 52. 
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Fio. 52— Showing tlie influence ofte 



M oT Dltri&cBtiDD in toils. 
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Tlie soil from whicli these dafa were obtained was in f 
good condition of fertility but had received no manure or < 
fertilizers for more than 5 years. At the lowest tcmpon 
the mean daily rate of nitrification was .1594 parts of i 
nitrogen per million of dry soil; or, expressed as calcium 
magnesium nitrates, this is equivalent to .8Y0 lbs. per mi 
lbs, of dry soil. The fciirfaec 6 inches of an acre of tiis 
weif;,lt3 about 1,370,000 lbs. and the above rate of inc 
would mean a production of 1.2 lbs. per day per acre and 
lbs. in 100 days. The rate of nitrification at the highest 
pcrature was 6.232 times more rapid than at the lowest ten 
ature, the mean daily rates for the four temperatures heir 
parts per million of dry soil, as below: 



and the amounts of nitrates which could be produced dii 
100 days in the surface six inches at the above rates woul 
per acre about 



It must be clear from these results that a high soil temj 
ture is a very important condition for the development of i 
food, because it is in the form of nitrates that most plants 
supposed to derive their supply of nitrogen from the soil. 
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It ia commonly accepted as the result of the studies of other 
investigators that below a temperature of 41° F, nitrification 
either does not take place or it is at hest very feehle; our obser- 
vations are, in this respect, at variance with earlier studies. It 
is certain that our soil during the few minutes in -which it was 
brought to the laboratory to weigh out the sample had an oppor- 
tunity for the temperature of the surface portion to rise some- 
what above the temperatures given in the table, hut as the pail 
of soil was always returned at once to the metal case immersed 
in iced-water enclosed in a covered wooden tank, the munber 
of minutes during the whole experiment when any portion of 
the soil could have been above 41° F., as the result of removal 
from the tank, certainly could not have aggregated a whole day 
during the period of 2T days the soil was under experiment. 
There were, however, three days, April 15, 16 and 17, when the 
ice got low and the thermometer reached 40.3°, 41.7° and 41.4°, 
but after this the thermometer showed a temperature below 34° 
F. on every day except one, when it registered 36.6'^. These 
observations indicate, • therefore, that considerable nitrification 
may go on even at as low a temperature as 35° F., and if this 
is tr!ie the late fall and even early winter may contribute not a 
littla to the development of nitrates in our soils, in the lower 
part of the surface foot and the upper portion of the second 
foot. • ;, 

INFLUENCE OF FALL PLOWING ON THE DEVELOPMENT OF 
NITEATES IN THE SOIL, 

The present season some work has been done to ascertain the 
influence of fall plowing on the development of nitrates in the 
soil. Since fall plowing is a species of fallowing, in some of 
its effects it is important to know how influential it may be 
in increasing the soluble salts upon which crops feed. To de- 
termine this, samples of soil were taken, April 19, 1903, on 
closely adjacent ground which had been plowed Sept. 2, 1900, 
and that just plowed, and the amoimj of nitrates present deter- 
mined in each of the surface fonr feet. Then again, on August 
19, this summer, when another field was plowed and land adja- 
cent was left unplowed, samples were taken on the margins of 
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both areas along lines about 8 feet apart and again Sept. 30, 42 
days later, the nitrate content of both sets of samples being 
determined. The results of both sets of comparisons are given 
in the tible ibelow, computed to nitrates in lbs. per acre. 
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If the total nitrates found in the plowed ground of Aug. 19 
and Sept. 30 are compared, it will be seen that there has been a 
gain of 148,56 His. per acre during the 42 days. In the same 
way, comparing tlie total nitrates in the four feet of the un- 
plowod ground of the same dates it will be seen that there has 
been a gain of 113.92 lbs, per acre, so that the effect of the plow- 
ing has been to increase tlie nitrates 34.64 lbs. per acre or about 
.8 of a pound per day. 

Making the comparison in the lower section of the table, the 
total nitrates developed during the fall of 1900 and still re- 
tained April 13, 1901, under the plowed ground on which peas 
had grown was 693.76 lbs. per acre, while that found in the im- 
mediately adjacent ground, which was not plowed in the fall, 
contained only 97.89 lbs, per acre, or 595.87 lbs. less. It is 
quite certain, however, that a portion of this difference existed 
in the soil at the time it was plowed, Sept. 2, 1900, but how 
much can not be stated as the nitrates were not then determined. 

In the remaining set of samples it is not likely that there was 
at the start any material difference because the two areas had 
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been under the same crop and were immediately adjacent to 
eaeli other. The fall plowed ground showed the next spring 
234.92 lbs. per acre, while that not plowed showed a total in 
the four feet of 63.35 or 171.57 lbs. per acre less. There were 
89 daja between the plowing of this ground in September and 
the freezing of the 'surface soil at the end of November, and 
the difference in nitrates calls for a more rapid gain on the fall- 
plowed ground of nearly 2 lbs. per acre per day, an amount 
more than double that shown by the study this fall. It should 
be said, however, that the ground this fall was very dry until 
near the middle of the period covered by the experiment. 

A series of studies were also made of the differences in the 
rate of nitrification in the spring on ground which was plowed 
just before freezing up in the fall and in that not plowed. 
The observations were made on Randall Field which had been 
under corn during the summer of 1900 and on which the freei^- 
ing <ii the ground stopped the plowing before it was completed. 
The samples were taken first in the spring on April 12, just 
after the frost went out and afterwards at intervals extending 
to April 29, five seta of determinations having been made. The 
results of the first and last sets are given in the table below; 
these determinations were made by Max W. King, who did the 
nitrate work in connection with irrigation studies at Stevens 
Point. 

Table ahowing the rate of nitrification in the spring in soil plowed 
in the fall just as the ground was freezing the last of November, 
and in that immediately adjacent, not plowed. 
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The total nitrates shown in the plowed ground on April 12 
w^s 183.53 lbs, per acre, while that in the unplowed ground 
was 160.71 lbs. per acre, a difference of 22.82 lbs. in favoriQf 
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the plowing; but on April 29 the nitrates on the unplowed 
■ ground has increased to 355.52 lbs. per acre, -while that on the 
plowed ground contained only 327.97 lbs. or 27.55 lbs. per acre 
less. Accepting the figures as representing the facta it appears 
that the ground not plowed has increased in its nitrate content 
faster than the plowed ground did and at the rate of some 50.37 
lbs. per acre. This is what should be expected if (1) nitrates 
are brought toward the snrfaee by capillarity; (2) if there was 
greater evaporation from the ground not plowed than from that 
plowed, and (3) if the rate of nitriiication was the same in both 
cases. 

The soil water of the fourth foot, accepting the method and 
work as correct, contained 51.19 parts per million on April 12; 
at this rate the amount of water required to contain the 50.37 
lbs. would be 985,900 lbs., and this expressed in acre-inches is 
3.457. That is to say, in order to account for this increase of 
nitrates in the surface four feet by capillary rise from below 
tliat level the amoTint of water required to be brought up is 
3.457 inches, supposing it to contain 51.19 parts per million. 

The rate of capillary rise required to give this amount ia .203 
inches per day, equal to 1.18 lbs. per sq. ft. per day. This ra(p, 
although large, is not perhaps impossible under the conditions, 
because we have measured a capillary rise of water as rapid as 
1 lb. per day per sq. ft. through four feet of fine sand under con- 
ditions where it is.certain that it would have been more rapid if 
only the evaporation had been more rapid. We have also meas- 
ured rates of evaporation from very wet field soils under field 
conditions which have much exceeded 1 lb. per sq. ft. per day. 

At this stage of the investigation it appears probable that the 
increase of- nitrates in the late fall plowing which took place 
after the frost went out, as well as in that not plowed, was due 
to differences in the amount of water brought up by capillarity 
from below the level of four feet, but that the larger amounts 
of nitrates which had accumulated under the early fall plowing 
as compared with the ground not plowed was due chiefly to more 
rapid nitrification, resulting from the better conditions main- 
tained by the plowing. 
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STUDIES ON BLACK MARSH SOIL. 



F. H. KING AND A. R. WHITSON. 

lines of experiment on Black Marsh Soil have been 

on this year as follows : 

s /. To compare the crop on ground, from which the 

i crop bad been entirely removed, with that on ground 

de previous crop had been worked into the soil 

! //. To compare the effectiveness of potash salts with 

Earm-yard manure and dried blood, as fertilizers on this 



ect on a Crop of the Removal of the Previous Crop as 
>ared with Its Being Worked in as a Green Manure. 

study was made on the marsh soil in the 33 three-foot 
s in the plant house. These cylinders are divided into 
ips of 16 each. One group is filled with soil which had 
ly grown very poor crops, while the other is filled with 
ch had grown better crops in the field, 
etober 5, 1900, tiiese cylinders were seededj one-half of 
the above groups being seeded to oats and the other half 

pril 6, 1901, the crops on these cylinders were removed 
ill green, the oats being pnlled up, removing part of the 
hjle the alfalfa was cut off close to the ground, leaving 
i in the soil. The oats which had grown on eight cylin- 
i then chopped up and worked into the soil of the cylin- 
which they grew. The other eight cylinders which had 
ats received no fertilizer, the oats being discarded.! _, 
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This gave four cylinders of the poorer aoil and four of the 
better aoil which had received as a green manuring the oats 
which had grown on them and the same number of each kind- of 
soil which received nothing. 

In the case of the alfalfa cylinders, the material which had 
grown on two cylinders was chopped up and worked into the aoil 
of one cylinder. 



Fio. 53.— ShowEng the differpucc in thn cmp of corn crown on nnnr margh soil wbera the 
tons crop bad boso worked iu as a uteen muuure iiLo two left hand buDdlee). 

This gave four cylinders of the poorer and four of the better 
soil which received as a green manuring twice the amount of 
alfalfa that had grown on them and equal numbers which re- 
ceived nothing. 

This green material was not weighed, but was a heavy crop. 
On April 11th, all the cylinders were planted to com, four hilla 
to each cylinder. auOoQQlc 
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On July ITtli the corn was cut, grouped for each treatment 
and photographed. See, Figs. 53 and 54. 



After having dried in the air of a room for three months, the 
com fodder was weighed, giving results as follows: 



Table showing the weight in lbs. per acre of air-dry corn fodder 
grown on margh »oU the previous crop of which had been re- 
moved and on that the previous crop of which had been worked 
into the soil. 
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From the above table and from the figures it will be seen that 
this treatment has had a very marked effect on the yield of corn. 
The poorer soil is affected much more than the better soil and 
the cylinders which had groivn oats are affected much more than 
those *hich had grown alfalfa. 

These differences cannot be due to lack of available nitrogen 
in the soil, since Jtiterminations of the nitrates in all of the 
cylinders made a few days before the crop was removed showed 
several times the amount which has been found in the soil on 
which heavy crops of corn were growing in the field. 

The indications are tiiat one or more of the mineral elements 
were present in but limited amounts, and iu this respect the ex- 
periment isin harmony with those reported in bnlletin No, 80, 
page 31, and the annual rejKirt of lilOO, page 107, in which the 
addition of jwtassium was shown to bs very beneficial. 

SERIES II. 

The Relative Ejfcctiveness of Potash as Compared with Farm- 
yard Manure and Dried Blood as a Fertilizer on Marsh Soil. 

This study was made on the fields of the Experiment Station 
farm on which the experiment of 1900 on the effectiveness of 
different potash salts was conducted. 

There are two fields, a north field and a south field. Each 
field was sub-divided into plots to be planted with five rows of 
com each. On the north field one plot was treated with potas- 
sium sulphate at the rate of 263 ibs. per acre, one plot with 
dried blood at the rate of 555 lbs. per acre and a third plot with 
fresh cow manure at the rate of twenty loads per acre. 

On the south side three plots were treated with muriate of 
potash at the rate of 171 lbs. per acre, dried blood at the rate 
of 277.5 lbs. per acre and fresh cow manure at the rate of 20 
loads per acre, respectively. All fertilizers were applied broad- 
cast and harrowed in. 

The plots which were fertilized were separated from each 
other and from the border of the field by equal plots which re- 
ceived no fertilizer. Corn was planted on all the plots May 
28th. ■ . 
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On Sept 25-27 the com was husked and samples dried to de- 
termine the amount of water-free ear-corn. 

The dry weights of the crops of the two blank plots adjoining 
each fertilized plot are averaged to get the weight with which to 
compare the weight of the crop of the fertilized plot^. The re- 
sults are given in the table following: 

I fertilized 



NOBTH FlBfcD, , 


TreutmeDt .... 


Potassium 


«"""" 1 S^ 


Blank. 


Haaure. 


BUuk. 




48.1 










SOUTH Field. 


Treatmaat .... 


PotSflSiUIO 

chloride. 


BlSDk. 


aa. 


Blank. 


Manure. 


Blank. 


Hu. per acre .. 








K3 


71.1 





When this data is expressed as per cent, of increase due to 
each fertilizer it stands as follows : On the north field, potas- 
sium sulphate, 34.4 per cent. ; dried blood, 20.1 per cent. ; 
manure, 29.2 per cent. On the south field, muriate of potash, 
0.0 per rent : ; dried blood, 5.3 per cent. ; manure, 16.7 per cent. 
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FIELD EXPERIMENTS WITH GRAIN AND FORAGE 
PLANTS. 



R. A. MOORE. 



Note. — The Btation will not be able to make any general distri 
of seeds this ;ear as tEie supply on hand will be needed for other 



I. VARIETY TEST? OF GBAIITS. 

The experiments for 1901 with seed grains were larj 
continuation of those carried on dtiring 1899 and 1900. 
object sought is to grow and develop l>y selection and imj 
methods of cultivation choice varieties of grain and dissen 
the same throughout the state. Care is taken to note and < 
methods of eradication or correction of diseases and defe 
which farm crops are subject. 

The drought existing throughout southern Wisconsin af 
the experimental work on grains hy hastening the rip 
period and lessening the yield of grain and straw per ac 
well as the weight per measured bushel. All varieties of 
ripened about ten days earlier than last season, and tke 
was decreased nearly one-half. 

The experimental plots are located on the same tract oJ 
used last season for the variety tests of grains and com 
about six acres, which is divided into plots containing 
twentieth of an acre each. 

Larger plots of land were used for growing varieties thi 
been tested for two or more years and which possessed cl 
teristics that warranted growing them in lai^er quantities, 

The different varieties of grain tested, the source of or: 
seed, yields of grain and straw with other data are given : 
following table: 
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Oais. — The Swedish oata (Wisconsin No. 4), procured from 
the United States Department of Agriculture in 1899, showed 
such special cconmendable eharacteriatica that it was thought 
advisable to grow all possible from the grain raised from the 
original seed. Geo. Schneider of Middleton, Dane county, co- 
operated with the writer and sowed the said oata in accordance 
with directions given. Twenty-three bushels 6 pounds were 
sown on 7.6 acres, which yielded approximately 40 bushels per 
acre. This is considered an. excellent yield, since common vari- 
eties averaged about 30 bushels per acre in the portion of the 
state affected by drought 



During the past three seasons thirty-eight varieties of oats 
have been tested on the experimental plots to determine tJie 
variety most satisfactory for Wisconsin conditions. The yield 
per acre of straw and grain, the weight of grain per measured 
bushel, the thickness of hull, the susceptibility to lodge, and 
variety most subject to rust, etc., have been carefully noted. 

The two varieties most satisfactory in the three years' testa 
are the Wisconsin No. 4 (Swedish oata. See Fig. 55), and the 
Wisconsin No. 1 (Siberian oats). Some other varieties tested 
have given a larger yield of grain for a single year, but had 
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inferior characteristics wtidi would not warrant them being 
ranked with the two ahove named varieties until further trial 
13 made. 

The Swediah oat« originated in Sweden and was introduced 
into Finland and Eusaia, Mr, JL A. Carleton, of the United 
States Division of V^etahle Physiology and Patholi^y, visited 
Russia in 1898 and secured for tte Section of Seed and Plant 
Introduction ahout twenty huahela of the seed, which was dis- 
tributed to the various Experiment Statiwis of the United 
States. The writer obtained sufficient to sow one-tenti of an 
acre in 1899 and was so well pleased with it that several plota 
^ere sown the following year, some of which yielded at the 
rate of 80 buahele to the acre and averaged 6i^. Thia year 
714 acres were sown to this variety, which yielded 306 bushels 
(40.8 bushels per acre). 

The Siberian oats were imported by the Agricultural College 
at Gruelph, Ont., from Russia in 1889, and is the variety of oatA 
that has given the beat general satisfaction, both at Guelph Agri- 
cultural Collie and in co-operative experiments throughout 
Ontario, Canada, out of 227 -varieties tested during the past 
thirteen years. 

In 1899 a sufficient amount of the Siberian oata were se- 
cured from the Ontario Station to sow one-fortieth of an acre 
and this year a plot of four-fifths of an acre gave a yield of 
33-8 bushels, weighing 35 pounds per measured, bushel. The 
one-twentieth of an acre plot of the same variety was somewhat 
less in yield per acre, and is given in the precedii^ table. The 
oats are so satisfactory that the entire amount will be sown the 
coming spring and distribution of that raised next year will be 
made throughout the state as far as the supply will admit. 

The Wisconsin iN'o. 8 Early Gothland and No. 17 White 
Bedford gave excellent yields, and promise well for the future. 
These varieties were secured from the Minnesota Experiment 
Station in 1900 and were grown for the first time on the ex- 
perimental plote last year. 

The Wisconsin Wonder, American Banner, Finland and 
Swede oats (Wis. Ko. 37) were tested for the first time on the 
experimental plota this year. 
16 
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Barley. — Sixteen varieties of barley were tested on the ex- 
perimental plots this year with varying results. The Mand- 
scheuri, ISoB. 59 and 62 ; Oderbnicker, No. 55, and Silver King, 
No. 53, gave the best yields and were the roost satisfactory of 
the six-rowed barleys grown. The Oderbnicker and Mand- 
scheuri No. 62 have been grown for three succesaive years and 
have given excellent satisfaction. 

The JTandschenri barley was first introduced into Ontario by 
the Agricultural College at Guelph, from Russia, and the Wis- 
consin Station received its original supply therefrom. It has 
been grown with great satisfaction in this state and Ontario and 
is noted for its early maturing qualities, ita strength of straw, 
its remarkable yields of grain and weight per measured bushel 
compared with other varieties. 

The Oderbrucker (No. 55), which is a close second, was im- 
ported from Germany by Guelph Agricultural College in 1889, 
and a sample was obtained frond Canada by the Wisconsin 
Experiment Station in 1899. In yield of grain and weight 
per measured bushel it is the equal of the Mandscheuri, but is 
excelled by the latter in stiifness of straw, which prevents lodg^ 
ing to a considerable degree. Of the newer varieties tested Salz- 
er's Silver King (No. 53) is proving very satisfactory and is 
showing all the characteristics of the Mandscheuri. 

The two-rowed varieties tested have not been satisfactory ', 
the yield being from ten to fifteen bushels less per acre than tha:t 
of the six-rowed varieties and the straw being so frail that most 
plots lodged greatly. 

Three new varieties of two-rowed barley secured from the 
Uniffid States Gfovemment last winter, were grown for the first 
time on the experimental plots the past season. These varieties, 
Wisconsin Nos. 66, 68, and 69, gave remarkable yields of grain, 
and further developments will be carefully noted. 

The HuUess barley tested seemed to m'ake a good growth in 
the early part of the season, but the straw is weak and as soon 
as fairly headed it lodges badly, preventing the proper maturing 
of the grain and making it difficult to harvest. 

The Beardless barley, Wisconsin No. 51, has given fairly 
good yields during the past two seasons ; like the Hullees, the 
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stray is wfeak, but as it grows much shorter it does not lodge 
so badly and allows the grain to mature better. 

There seems no advantage in growing these latter varieties of 
barley, even if the yield is equal to that of the bearded varieties, 
especially if the grain is grown for market, as comparatively a 
small amount is raised, and no regular market price therefore 
established. 

Winter wheat. — Two varieties of winter wheat were tested, 
the Turkish Red and King's Early. These were sown Septem- 
ber 5th and made an excellent growth before winter. 

The Turkish Red yielded at the rate of 32,3 bushels per acre ; 
the Kings Early, winter killed. Further trials will be made 
with the Turkish Red wheat. 

Winter rt/e.-^-Two varieties of winter rye were tested, the 
Petkus and Schlansted, both of which gave good returns, as will 
be noted in the table. 

Emmer. — Russian emmer was again tried, but the results 
will not permit us at this time to say much in its favor; further 
trials will be made, in which it will be tested for forage as well 
as growing it for a grain-producing crop. 

The United States Department of Agriculture in Farmers' 
Bulletin !N"o, 139, has the following to say regarding the name 
of this grain crop : "This grain is incorrectly called by various 
names. Even in certain reports of results of experiments with 
emmer it is sometimes called "spelt." The names "spelz," 
"speltz" and "spilta" are also often used, the name speltz being 
the most common of all. These names are very misleading and 
should be discarded. Emmer is far the most satisfactory name 
and is easily learned. It is urged upon seedmen and others to 
join in discarding the name spelt, leaving it to be applied where 
it properly belongs." 

Peas. — The Oddfellow, Early Britain and Prussian Blue peas 
were tested for the second year on the experimental plots, but 
the pea weevil had so badly affected the seed that only a part of 
those sown germinated. The stand was thin" and the yields 
were very light compared with that of last year; no less than 
50 per cent, of the crop were affected with weevil. The rav- 
ages of the pea weevil are so great that it seems useless to at- 
tempt to grow peas for seed in this portion of the state. . 

I , h Google 
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Germination of seed peas affected with weevil.— To determine 
the extent that the pea weevil afifects the germination of seed 
peas several varieties were tested. Fifty affected peas were put 
in a seed tester Kay 6. Dnplieate testers were also used with 
the same number of peas to verify the correctness of the original 
test An equal number of peas not affected with weevil were 
placed in a t^ter at the same time, duplicate tests being also 
made. \ 

May 11 an examination of the affected seed showed that only 
ten germinated. The peas that were not affected with weevil 
all germinated except three. 

From these determinations it was found that the germinating 
power of the peas affected with weevil was 20 per cent and 
that of the peas unaffected, 94 per cent. 

Tests with different varieties of peas gave practically the 
same results. 

Vetch. — Russian vetch was again grown for seed, but like 
last year the yield was very light, viz., 3/^ bushels to the acre. 
Further trials will be made to grow it as a forage and a seed- 
producing crop, 

II. VARIETY TESTS WITH FOEAOB PLANTS. 

Dwarf Essex vs. Puget Sound rape.— In this experiment two 
plots were sown, each containing one-twentieth of an acre. The 
seed was sown April 26 in drills, 30 inches apart, at the rate 
of 3 pounds to the acre. The seed germinated equally well and 
the characteristics of the plants were about the same throughout 
the growing period. The yield of green forage was slightly in 
favor of the Puget Sound rape, that variety giving a cutting 
on July 10 at the rat« of 5.6 tons per acre, and the Dwarf Essex 
5.2 tons. The hot, dry weather reduced the yield. Last year 
at the first cutting practically 20 tons of green forage per acre 
of Dwarf Essex rape was obtained of a much higher grade for 
feed. Rape requires cool'weather and plenty of moisture to 
produce an abundant crop of high-grade forage. T'he hot, dry 
weather seems to thicken the leaves, making them less crisp and 
juicy and giving them a bitter taste which is not relished by the 
Btock. 
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The Puget Sound rape seed used is of the Dwarf Essex va- 
riety and was grown near Puget Sound, in Washington. At 
the present time nearly all the rape seed used is imported from 
England and other European countries, tut the yields of speil 
grown on the Pacific slope near Puget Sound is of suet 
grade that there is a possibility of our growing our owi 
seed. 

A fine sample of rape seed was sent the writer receni 
Henry _Eam8, Union Grove, Racine county, Wiaconsin. 
Bams states that he raised some on his farm, and that fihe ; 
thrive well in his county, 

Rape sown with oats at the time of seeding for fall fore 
Dwarf Essex rape was sown with oats, at the rate of fou 
pounds of rape and three (3) bushels of oats per acre. Th 
and rape were sown broadcast and were dragged in the n 
way.'' Rape made its appearance above the ground a few 
later than the oats, but was shaded by the growd^ of oate U 
an extent tliat it did not interfere with the ripening of the 

The oats yielded at the rate of 32J^ bushels per acre, i 
the average yield for this season. After harvesting the oa 
rape came on rapidly and soon spread its green leaves ovi 
stubble, making excellent pasturage for sheep, pigs, or cat 

Another experiment was tried sowing rape with barley 
the barley was about four inches above ground. This ai 
promised well ; the rape seemed to catch nicely and raadi 
siderable growth, but the hot, dry weather wilted the si 
plants so that few of them survived until the barlej 
harvested. 

Erom experiments with rape carried on during the pas 
seasons the writer is fully convinced of its importance as ! 
ing crop and its excellence as a pasture plant for sheep, pig 
cattle. 

On upland that is not too rich, rape can be sown witl 
at the time of seeding and it will not, as a rule, interfere 
the proper development or ripening of the grain. On low 
soil the growth of rape is so rank in wet seasons that i 
terially interferes with the harvesting and curing of th 
crop and lessens the yield from 25 to iO per cent. 
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It may be considerd a good plaa to sow the rape at the time 
of seeding with oats on the drier and lighter soil, and on the 
low, rich soil after the oat plants are several inches above ground. 
It is well, if possible, when sowing the rape after oats are sereral 
inches high to select a time before or immediately after a rain 
in order to have the seed catch properly, 

Kape seed is cheap, usually not more than eight (8) cents 
per pound in any seed store, and by an outlay of a small amount 
of money, any farmer can, therefore, have an abundant supply 
of summer and fall pasturage. 

Caution should be used in putting sheep and cattle on the 
rape while they are very hungry, while the dew is yet on, or the 
rape frozen, for, like tlover, it is liable to produce bloat or 
scours. After heavy frosts and cold weather sets in there ia 
no gain by keeping stock upon the rape. 

A former student of the College of Agriculture who has fed 
sheep and pigs extensively on rape for several reasons, acci- 
dentally let his sheep pasture on frozen rape and noted that 
nearly all scoured severely. Several of the lambs that ate of "„he 
frozen rape died and some never fully recovered from the effects 
of the severe scours obtained, 

A portion of the flock pastured oa frozen clover and were 
affected in the same way. 

Trials with alfalfa. — April 28, 1900, six plots containing 
one-twentieth of an acre each were sown to alfalfa, at the rate 
of 20 pounds of seed per acre, with oats as a nurse crop. On 
one plot the oats were cut for hay June 30, and on a duplicate 
plot the oats were left to ripen and were harvested July 28th. 
On these two plots the oats had been seeded at the rate of rhree 
bushels per acre. The alfalfa on the plot where the oats were 
cut for hay made a rapid growth, was cut August 1, and yielded 
at the rate of 1.2 tons bay per acre. October 25 it was again 
cut and gave a yield of 1 ton hay per acre. The hay was of a 
fine quality and was eaten readily by horses, cattle and sheep. 

The alfalfa on the plot where the oats were left to ripen made 
a good growth after the oats were harvested, and October 25 had 
a stand equal to that on the plot where the oats were cut for 
bay. The plot was pastured with sheep and eaten close to the 
eround to note the effect. ^ - ■ 
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JFour plots were aown to alfalfa with oats as a nurse crop. 
The oats on these plots were sown at the rate of 1 busheil per 
acre and left to ripen. The alfalfa looked vigorous and healthy 
and a good stand was left for winter protection. 

The plot on which the alfalfa was cut October 25 and that 
which was pastured, close on the eame date, wintei>killed, and 
the plots on which the cover crop was left survived the winter 
and gave the following cuttings: June 15, 2.1 tons of h-ay per 
acre, July 15, 1.3 tons, and September 3, .22 of a ton. 

This season Turkestan alfalfa was secured, a variety that is 
said to have special drought- and frost-resisting qualities. This 
was sown at the rate of 20 pounds of seed per acre on difEerent 
plot« with oats as a nurse crop, the latter being sown at the rate 
of 3 bushels per acre. 

One plot was sown to alfalfa without a nurse crop. The 
oats were left to ripen on those plots where the alfalfa seeding 
was with the nurse crop, and when harvested the alfalfa 
seemed somewhat withered, but stood thickly. The plot on 
which the alfalfa was sown without a nurse crop as cut July 
5, and yielded one-half ton hay per acre. The dry weather ma- 
terially affected the growth of the Alfalfa, causing it to bloom a 
few inches above the ground, consequently a light crop was 
secured. 

The drought-resisting qualities of the Turkestan alfalfa are 
superior to the American and European varieties of red clover. 
Ten varieties of red clover were tested on plots adjoining 
those on which the alfalfa was sown and all were killed by the 
severe drought, while the alfalfa is growing nicely and the 
ground is thickly covered with young plants. 

The alfalfa on the plots on which oata were grown as a nurse 
crop seems to thrive fully as well as that on the plot where no 
nurse crop was grown. No difficulty was experienced keeping 
down the weeds on the plots where the nurse crop was sown, 
wliile on the plot where no nurse crop was sown the weeds were 
cut and pulled several times to prevent the shading of the 
alfalfa. 

Alfalfa, like our clover, belongs to the family of legumes and 
has the facility of appropriating nitrogen from the air^ by means 
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of numerous tubercles which grow upon its roots, and fixing the 
same within the soil. This remarkable plant was grown in Asia 
in ancient times and during one of tte great Persian wars was 
carried westward into Europe and planted in the Swiss canton, 
Luoem. In Europe and in many states of America the plant 
is called Lucem, but in the north, eastern, and western parts 
of the United States it is known most largely by the name of 
alfalfa. 

The value of alfalfa as a forage plant in the west ia becoming 
more and more apparent and the area grown, which was very 
small a few years ago, has gradually widened, until at the pres- 
ent time most of the stock-producing states west of ihe Mis- 
sissippi grow it in abundance. In Wisconsin alfalfa is yet in 
the experimental stage, with good prospects that it vrill prove 
a valuable forage plant ; but until it had been further tried at the 
Experiment Station and by others selected by the Station to 
grow it in a careful way, it will be well for the farmers of the 
state not to sow it in too large quantities. 

Variety test of clover.— To teat the quality, hardiness and 
productiveness of the American red clovers compared with. 
European clovera,the following varieties were sown in the spring 
of 1900 with oate as a nurse crop : American varieties, Medium 
and Mammoth red clovers; European varieties, Hungarian, 
English, Steinmark, Transylvania, Bnssian and German red 
clovers. 

In testing these varieties one-twentieth of an acre plots were 
used and duplicate plots of each variety were tested a^ a eheck 
upon the original plote. The season of 1900 was favorable for 
the growth of clover and an excellent catch was obtained on all 
plots. The oats were sown on these plots at the rate of 3 bushels 
per acre and were left to ripen. The clover was sown at the 
rate of 8 quarts per acre. After the oata were harvested the 
clovers grew rapidly and before freezing weather checked the 
growth, a fine stand was obtained on all plots, which was left for 
■winter protection. 

In the spring (April 24) it was found that all European va- 
rieties had winter-killed, excepting the Kussian and Hungarian 
varieties. The American varieties survived the winter and 
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looked much more vigorous than the European varietiee that 
were not winter-killed. 

The yield of h«,y per acre for the 9everal varieties is herewith 
given with the date of cutting: 



Name of Variety. 


Date or Cntaas- 


VteldofHuy 

Pet Acre. 

































The quality of hay secured was slightly in favor of the Euro- 
pean varietiee, it being finer in leaf and stalk and comparatively 
free from dust 

One of the special characteristics noticeable of the European , 
clovers was the absence of the fuzz or fealier from the leaves 
and stems, the presence of which is so noticeable on. the Ameri- 
can varieties and is one of the reasons for the ajnount of duat 
found in our clover hay. 

Last spring a co-operative experiment vraa undertaken in con- 
nection with the United States Department of Agriculture with 
native and European varieties of red clovers, to determine their 
hardiness, quality and productiveness. The following varieties 
were used : English, Tennessee, Hungarian, Michigan, Minne- 
sota, Steinmark, Canada, Italian, Missouri and Silician. These 
were sown April 27, without a nurse crop, at the rate of 15 
pounds of seed per acre. The seed on all plots germinated well 
and from observations made June 1, a fairly good stand of clover 
was noticeable. The severe drought during the summer so af- 
fected the young plants that all of the European and Southern 
varieties were killed, and August 19 only a partial stand of the 
Canada, Michigan and Minnesota clovers was noticeable. It 
did not seem worth while to continue the experiment further, 
and the plots were plowed and sown to winter grain. 

Clover seeding experiment.-— The experiment started last 
year sowing clover with and without a nurse crop was finished 
this year. In the 17th annual report mention is made of sow- 
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ing plots to clover with and without a nurse crop. In each case 
the beet stand of clover late last fall was in favor of the clover 
that had been seeded without a nurse crop and second, where the 
nurse crop was cut for hay. 

One plot on which Mammoth red clover was seeded without 
s nurse crop, gave a cutting last season of 1.3 tons per acre and 
cut this season 4.1 tons per acre, making 5.4 tons of hay per 
acre. 

A duplicate plot on which oats were sown as a nurse crop 
did not mature sufficiently to cut last fall, but gave a cutting of 
3,2 tons per acre this season. 

With the medium red clover two plots were sown last season 
with oats as a nurse crop ; on one plot the oata were left to ripen 
und on the other the oats were cut for hay when Uiey were fairly 
well headed. The plot on which the nurse crop was cut for 
hay gave a cutting, June 30, of 2.6 tons of oat hay per acr^ 
and August 1, nine-tenths of a ton clover hay per acre was ob- 
tained. A good stand of clover was secured on both plots, 
slightly in favor of the plot on which the oate were cut for hay. 
This season the plot on which the oafs were cut for hay gave 
a cutting of 2.8 tons hay per acre and the plot on which the 
oats ripened, a cutting of 2.6 tons per acre. The difference in 
the yield of hay per acre was not great, owing to the fact that 
the amount of moisture during the season of 1900 was sufficient 
to enable the clover to receive an ample supply, and on each plot 
a good stand was secured. 



Where clover is seeded without a nurse crop or where the 
nurse crop is cut for hay a fairly good cutting of clover can be 
secured the first season. Where there is no lack of moisture the 
nurse crop can be left to ripen without much detriment to 
clover. 

If ike land is very clean a good catch of clover can be ob- 
tained by seeding without a nurse crop and a fairly good cutting 
of clover obtained the first season. If land is weedy and the 
season dry, more difficulty will be experienced in keeping liie 
weeds down than by sowing with a nurse crop and cutting Uie 
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same for hay. The nurse crop will keep down the weeds and 
when cut, the clover soons gains the ascendency. 

European varieties of clover make a fine quality of hay but 
lack the cold- and drought-resisting properties of the Americau 
varieties, thereby making a catch and stand of clover very 
uncertain. 

Until the European varieties of clover become acclimated to 
this state, it is not advisable for farmers to invest in much 
seed, but they will do better to depend on our medium red clover, 
which seems to be the most satisfactory plover under our condi- 
tions of soil and climate. 

Iliuigarmn Brome Gj'oss.j— One-tenth of an acre was sown 
to Hungarian brome grass (Bromus incrmis) the spring of 
1899, at the raf« of twenty pounds of seed per acre. A good 
catch was obtained and a dense growth of grass was secured, 
which did not appear to be in any way affeoted by the frost the 
following winter. The growth in the spring was rapid and in 
earliness it seemed to be at least two weeks in advance of other 
grasses. The grass stooled heavily and made a very heavy sod; 
it did not produce a very high growth, however, and gave a light 
cutting of hay, which was of a coarse quality. The same was 
true of the cutting this season"; the density of the sod seemed to 
be such that vigorous growth was hindered. 

April 25, 1900, three plots, Yg of an acre in size, were sown 
to Hungarian brome grass, at the rate of 16, 24 and 32 pounds 
of seed per acre. Oats were sown as a nurse crop and left to 
ripen. The ground used was sandy and being 6n a side hill was 
inclined to wash badly. After harvesting the oats, the brome 
grass came on rapidly, and October 16 had formed a fairly 
good sod and the grass looked vigorous. On the plot seeded at 
the rate of 32 pounds to the acre, the stand was the most satis- 
factory, and this was also plainly the case the following spring. 

April 23, 1901. The grass stood four inches higi and a good 
firm sod was formed which prevented further washing of the 
soil. The hot, dry weather following seemed to affect the 
growth materially and caused the grass to head near the groimd. 
A very light cutting of hay was procured. After cutting, the 
grass did not start immediately, but appeared to dry down like 
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other pasture grasses and remained practically dormant during 
the dry weather. After the fall rains the grass started readily 
and at the present writing, September 2, is four inches high and 
stands evenly; no difEereuce is noticeable between the thick and 
thin seeding. 

From the tests made on the experimental plots, the brome 
glass seems especially adapted for early spring and late fall 
pasture; will form a strong sod on sandy soil that ia inclined to 
wash and is drought-resisting to a marked d^ree. 

The yield of bay has been light, of a coarse quality and is 
not eaten as readily by stock as timotby or clover. 

The seed is as yet expensive, $9i00 per bushel of 14 pounds. 
Until more teats are made with this grass, it does not seem ad- 
visable for farmers to grow it on I'arge areas. Experiments 
with it will be continued at this Station. 

Soy Beans.— Soy beans were introduced into the United 
States from Japan and are now quite extensively grown in the 
south as a forage plant. Several of the western Experiment 
Stations have tested them and found them an excellent soiling 
crop. If cut at the proper time a fine grade of hay can be pro- 
cured which is noted for its richness in protein. 

The experiments carried on at the Wisconsin Station last year 
seemed to indicate, that while a large amount of green forage 
or hay coiild be produced, the plant matured so late that severe 
frosts prevented the ripening of the beans for seed. 

The seed used this season was northern-grown, having been 
procured from Michigan ; the test made largely to determine if 
soy beans would ripen in Wisconsin. The beans were sown in 
drills 33 inches between rows and about four inches between 
plants in the row, using about one and one-half pecks per acre. 
Several plots one-tuientieth of an acre in size were planted May 
14, and ten days later the plants were above ground. During 
the growing season the beans were cultivated twice, using a com- 
mon one-horse cultivator. August 7, the beans were in full 
bloom and of even height of 3 feet (see Fig. 10). They were 
harvested October 2 and threshed, giving a yield of 22 bushels 
ripe seed beans per acre. 

Soy beans are used largely as a human food in Japan, but 
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are used in this country chiefly for feeding stock. The plant 
belongs to the legTiminous family and, like the clover, is a great 
nitrogen gatherer, gradually increasing the supply of nitr<^en in 
the soil on which it is grown. This is true especially when the 
soil contains the bacteria which form tubercles on the roots of 
soy beans. 

A portion of one plot was cut and gave a yield of 4 tons of 
green forage or 2^ tons of cured hay per acre. 



...._. Fig. M.— Plots of Soy Beans. A plofof Cow Peas in the /oceground. j:^ 

Stock <of all kinds eat soy beans with a relish. It has great 
drought-resisting powers and flourishes in the hot, dry weather. 
From the information sent by former students of the College 
who are eo-opei'ating in carrying on experiments with eoy 
beans, it is believed that many sandy farms, low in fertility, 
may produce a good crop of soy beans for pasturing or for soil- 
ing. Care should be taken to harvest soy beans before the se- 
vere fall frosts, as the pods crack open readily after freezing, 
thereby causing considerable loss. 

Experiments with this plant will be continued nest season. 
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IS.— —The eowpea like the soy bean is a aouthem 
plant and has great drought-resisting powers. It is said to gro^w 
fairly well on sandy, worn-out soil and make excellent pasture 
for hc^, sheep and other farm animals, gradually enriching the 
soil on which it is grown. The eowpea should be sown broad- 
cast when desired for pasture or to be cut for hay. When the 
object is to secure seed, they should be sown in drills, the rows 
about thirty inches apart, and the plants about six inches apart 
in the row. For broadcast seeding about lj4 bushels of seed 
per acre ig used; 1^^ pecks is sufficient when sown in drills. 
Clowpeas vary in color and resemble our different varieties of 
■ field beans very much. They grow erect or on creeping vines 
and have long pods containing from eight to sixteen peas in a 
pod. The peas when dry can be cooked or baked for human 
food and make a dish not unlike our navy beans in flavor and 
palatability. In the South they are grown as a forage plant for 
human food, but chiefly as a soil renovator. 

The seed used in the experiment carried out at the Station 
were southern-grown of the Whippoorwill variety and were 
planted in drills, with rows 32 inches apart and the plants about 
six inches apart in the rows. The land was prepared in the or- 
dinary way for field crops and the peas sown May 14th, with a 
hand drill, at the rate of II/2 pecks per acre. The cool weather 
following caused a delay in the germination of the seed and 
for several days after the appearance of the plants above ground 
liiey looked sickly, and it was not until after two weeks of hot 
weather that the plants began to grow vigorously. Some plants 
matured seed much earlier than others; these were designated 
and the peas picked several weeks in advance. The peas from 
these early plants will be used to propagate earlier maturing 
seed peas next season. 

All plants did not mature the seed sufficiently before the heavy 
fall frosts, and only a portion of the crop was therefore secured. 

The peas were harvested October 2nd, and yielded 9/^ bushels 
per acre, weighing 57 pounds per measured bushel. 

Further trials will be carried on at the Station on a more ex- 
tensive scale the coming season. 
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TREATMENT OF SEED OATS TO PREVENT SMUT 



R. A. MOORE. = 

Oat 8miit has been increasing at Buch a rapid rate in Wiscon- 
sin that it seems already to exist in all oat-growing centers of the 
state. To determine Low widely the oat smut was prevalent 
and to what degree the oats were affected, the writer made in- 
vestigations in the following counties during July and August 
this year: Dane, Grant, Crawford, La Crosse, St. Croix, Dunn, 
Wood, Marathon, Langlade, Jfarinette, Brown, Kewaunee, Man- 
itowoc, Outagamie, Winnehago, and Fond du Lac. In making 
the testa a barrel hoop was used aad on approaching the field 
was thrown over the standing grain. All stalks encircled by the 
hoop were then counted, and the percentage of smutted headswaa 
determined. Several counts were made in each field and the 
determinations averaged. 

Investigations were made in a number of fields in each county 
and by several careful counts in each field it was found that 
an average of 20 per cent, of the oats were destroyed by smut. 
A circular letter was sent to former Short-Course students and 
farmers in general to take note of the smut in their oat fields 
and make the determinations in accordance with the above di- 
rections and report the result. Seventy-five reports have be^i 
received from farmers and students residing in rarioua parts of 
the state to show that the oat smut is everywhere prevalent in 
large quantities. The farmers are either not aware of the pres- 
ence of smut in their oat fields, or they, think it is present in 
small quantities only and not worthy of serious attention. In 
many instances where determinations were being made by the 
writer, the farmer was invited to assist in making the counts 
and great was the aatouishment when from 2Q tQ 40 per cent. 
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of smut was found in fields which he thought were aheolutely 
free. 

The smutted heads grow on weakly stalks and, as a rule, head 
lower than the fully-developed heads, making it bard to discover 
the affected heads by casual observation. It is lai^ly from 
this fact that the smut has been able to invade the oat fields 
tiiroughout the state unnoticed until the annual loss to the fann- 
ers of Wisconsin amounts to several hundred thousand dollars. 
This can all be saved by the formaldehyde treatraejit, a simple, 
inexpensive and entirely effective remedy. The method of ap- 
plication is as follows : One pound of 40 per oent, formalde- 
hyde is required for each 50 bushels of seed to be treated; 50 
gallons of water are poured into a cask and one pound of the 
formaldehyde liquid added ; a part of this solution is placed in 
another cask. Two bushels of oats are placed in a large gunny 
sack and submerged for twenty minutes. By having two casks, 
two lota can be submerged at the same time, enabling one to treat 
the seed more rapidly. At the expiration of twenty minutes the 
sack is pulled on the edge of the barrel and left to drain for a 
minute or two in order to save solution ; the oats are then emp- 
tied on the threshing floor or on a canvas to dry. 

The treatment of seed should be made a few days in advance 
of sowing to enable the seed to dry sufficiently to nin readily 
through the seeder or the drill. If the oata are shoveled over 
two or three times a day it materially facilitates the drying. If 
a farmer wishes to treat two or three hundred bushels of seed 
grain lie can use several barrels or ca^ks and make sufBcient so- 
lution at one time to put in the barrels. In this way a sack of 
oats can be in each cask, thereby enabling the operator to treat 
several bushels every twenty minutes. 

The solution is not poisonous in moderate amounts ; oats that 
have been treated and dried can be fed to stock. If more oats 
are treated than needed for seed, it is advisable to mix the 
treated oats with oats that have not been treated before feeding. 
The grain sack or clothing coming in contact with the formal- 
dehyde solution will not be injured. The solution will keep at 
any rat© for a week or more, but it is advisable to cover up the 
oask when not used. , i 
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The treatment of seed oats seems to facilitate the sprouting. 
A difference of from two to four days in favor of the oats treated 
WB8 noticeable this season. 

From all field tests made no detrimental effect on the germi- 
nation of seed was apparent. 

Thirty varieties of seed oats threshed from plots on the Uni- 
versity Farm on which the oats last year were affected from two 
to twenty per cent., were treated with the oat smut preventative 
before sowing and not a single affected head could be found dur- 
ing the growing period. 

Formaldehyde is a gas readily soluble in water and is sold In 
liquid form, usually, in 40 per cent, solution, by most drug 
stores at about 50 cents per pound. A solution of the strength 
indicated is manufactured by different commercial houses un- 
der the name of formalin. 

A like solution used for treating seed oats to prevent smut 
can be used for barley with the same effectiveness. 

Trials with the formaldehyde treatment for oat smut, — In 
order to determine the most effective strength for a solution to 
be used and the length of time the oats should be submerged, 
several experiments were carried out 

Oats taken from a plot on. which the crop was affected to the 
extent of 20 per cent, last season were used for the experiment. 
Six plots, 1-40 of an acre in size, were used for the trial and all 
seeded the same day. On plot 1 the seed oats were submei^ed 
for twenty minutes in a solution made at the rate of 1 lb. of 
formaldehyde to 50 gallons of water. 

No smut was found in the oats growing on this plot, the treat- 
ment being entirely effective. 

The treatment of the seed on the other plots will be compared 
with the treatment of the seed on plot 1. 

In making the determinations to ascertain the percentage of 
oats affected with smut two methods were used : first, the method 
previously described by using a barrel hoop, and secondly, by 
cutting sufficient oats from the plot to mate a bundle and count- 
ing all smutted stalks therein. 

On plot 6, the seed oats were not treated and by several care- 

17 D.qitizeabyG00l^lc 



258 Eighteenth Annual Repoet of the 

fnl counte an average of 31 per cent, of smut was found ; nearly 
one-third of the oats were destroyed. 

A hundle was cut on this plot which had 925 stalks by actual 
count. In this bundle was found 286 stalks on which the heads 
were affected by smut, giving a total loss of, approximately, 31 
pOT cent. The several counts with the hoop averaged the same. 



Fie. ST.— CoDtAiDinittrJS stalks. Bundle of oats cut from plot on vhiohseed was not 
treated for smut. The gmiittBd heads separated iTom those unaffected irllb sinnb 
shown in Fig. 58. 

On plot 2, the seed oats were submerged 60 miautee in a solu- 
tion made from one pound of formaldehyde and 200 gallons of 
water, three times the amount of time given for submei^ng and 
four times the amount of water used with a given amount of 
formaldehyde compared with the treatment prescribed for tj(§ 
WtBonplotX, D,j„„„G00glc 
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The treatment was only partially effective. The average of 
several counts showed 20 per cent, of the oats affected with smut. 

Floi S compared with plot J.— A solution of the same stand- 
ard was used but the oats submerged one-half the time. The 
treatment was quite effective, only one per cent, of smut was 
found. 



FiQ. (8.— a— Not affected wUb smut ; b-ASected with emut. The smutted beads in tbe 
bnndJe repreiwnled in Pis. KTaepHrHteJ from those not affected. The conat mealed 
286 heads affected with smut or 31 per cent, of the bundle affected. 

Tlot Jf compared with plot 1. — The oats were submerged for 
twice the length of time in a solution one-half the strength; 4.3 
per cent, of smut was found. 

Plot 5 compared with plot 1. — We submerged the oate the 
same length of time in a solution one-half the strength. F^^>C^^^IC 
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per cent, of the oate grown on plot five (5) were affected with 
smut. 

It seems conclusive that the length of time the oats are sub- 
merged and the strength of the solution are very important fac- 
tors to be considered wlien treating seed grain to prevent smut. 
In order to be entirely effective oats must be submrged in a so- 
. lution made at the rate of one pound of form-aldehyde to 50 gal- 
lons of water, for twenty minutes. This gives the solution suf- 
ficient time to soften the outside covering of the oats, enabling 
it to penetrate and kill the smut germs hidden away within the 
hull that would not be disturbed by a bath of only a few seconds, 

A weak solution or a short period of submersion has only a 
partial effect; the results from the experiments tried showed 
the maximum of smut was reduced, yet it was not entirely eradi- 
cated. Where the treatment is not entirely effective, the few 
smutted heads will inoculate the perfect heads to such an extent 
that in two or three years the oats are affected as much as ever. 
Care should be taken to follow the instructions carefully, so the 
treatment will be entirely effective, for when once done effectu- 
ally and a little care taken to prevent contamination of the oats 
by the thresher, several years may elapse before another treat- 
ment is necessary, 

Svmmary of the foregoing experiments. 
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EXPERIMENTS IN SUGAR BEET CULTURE DURING 

1900 AND 1901. 



F. W. WOLL AND ROSCOE H. SHAW. 

Experiments in the culture of sugar be€ts were continued 
during the years 1900 and 1901 according to a similar plan as 
in previous years. The adaptability of the climate and, in gen- 

' eral, of the soils of our State to the culture of sugar beets has 
been proved by the work done during the last ten years at this 
Station, and by the analyses of beets grown by farmers in all 
parts of the State. It has been found that in moderately fav- 
orable seasons good crops of beets containing a high percentage 
of sugar can be secured in all portions of our State except the 
southwestern comer, when proper attention is given to the cul- 
ture of the crop. The general situation as to the adaptability 
of different parts of our State to sugar beets has been discussed 
in earlier reports and bulletins issued by our Station, and the 
reader is referred to these publications for details as to the re- 
sults arrived at on this point, especially to our 17tli annual 
report (pp. 244-246), with accompanying State map showing 
the average quality of sugar beets analyzed for Wisconsin 
farmers, during 1890-1899, by counties. 

The work done in this line-'^iiring the years 1900 and 1901 
will be described under two Tieadings : first, investigations at 
our Experiment Station farm, and, second, analyses of beets 

■ grown by Wisconsin farmers. All work, analytical and experi- 
mental, done on these investigations between Oct. 1st, 1900, and 
Oct. 1st, 1901, was done by Mr. Shaw. 
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A. EXPBEIMENTS IN THE CULTURE OP SUGAR BBBTS AT THE 
UNIVERSITY FARM. 

Season 1900. — The season of 1900 was; on the whole, favor- 
able to all farm crops except hay. The average temperature . 
from April to September was 62.8°, which is about two d^rees 
above normal, and the total precipitation was 22.89 inches, which 
is about 3.5 inches above the normal. There was a lack of rain- 
fall during the early part of the season which was very damag- 
ing to crops in the northwestern coimties and also greatly felt 
at Madison, retarding the beets in their growth at the start. 
Rain came during the last week of June, and from this time on 
the beets did very well and the crop obtained must be considered 
very satisfactory. 

The field set apart for sugar beets this season was the western 
half of the acre plat on the university farm which was used for 
sugar beets in 1898 and for variety tests of grains during 1899. 
Only the southern half of the field was manured in 1898,* and 
no manure or fertilizer was put on the field in 1899. In order 
to ascertain in how far the results obtained in 1898, which were 
more favorable for all varieties grown for the unfertilized part 
of the field than for the fertilized part (loc. sit.) were acci- 
dental, or were due to a marked difference in the fertility of the 
soil on the two halves of the plat, a middle half of the field was 
fertilized on May 15th with 90 lbs. Star Phosphate (dissolved 
bone), 90 lbs. of sulfate of potash, and 100 lbs. of nitrate of 
soda, half of the latter quantity being put on May 15th and the 
other half shortly after the beets were thinned. on June 19th. 
A northern and southern quarter of the field W9,re left unfertil- 
ized. After the Beed bed had been carefully prepared by means 
of a disc harrow and a Tower pulverizer, beet seed was planted 
on May 15th, A heavy rain fell as the seed was all in and espe- 
cially the northeast comer of the field was badly washed ; as the 
.soil baked greatly during the following days, forming a crust 
which in all probability many of the young beet plants would 
not be able to break tlirough, it was decided to reharrow and 
replant the field, except the part on which variety No. II (see 
.below) had been planted, as no more of this seed was left. 

'See Bulletin 71, p. 25. " "" 
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The replanting took place on May 21; the following niun- 
ber of rows were planted with seed of the varieties given, the 
TOWS ninning north and south, 192 feet in length, and 16 inches 
apart : * 



No. 


Name of Variety. 




No. of 

rowa. 






8,911 
3,W2 






































a,M3 

8.M1 
3,941 




VII 


KleiDwanileben (Mrozinski No. 2, Huiaia) 


U 

















The seed was furnished by the Section of Seed and Plant In- 
troduction, U. S. Dept. of Agriculture, except varieties III-V, 
inclusive, which were a choice grade of seed furnished by the 
Bureau of Chemistry of the U. S. Dept. of Agriculture, The 
beets came up evenly; when the young plants had three or 
four leaves they were thinned so as to leave a strong plant every 
eight to nine inches in the row; date of thinning, June 11 to 13. 
During tlie progress of the season there was soon a difference 
noticeable in the beeta on the fertilized and the unfertilized parts 
of the field, the beets grown on the former showing in general a 
healthier, deeper green color of foliage and a more vigorous 
growth than those grown on the unfertilized parts on either side. 
There was also a marked difference in the appearance of the 
beets on the unfertilized north and south quarters, the healthiest 
plants in all varieties being found on the north quarter. No ■ 
appreciable difference wgs to be observed at any time during the 
growing period between the diiferent varieties as to luxuriance 
of growth or color of foliage. 

Analysis samples of the varieties No. Ill to V were taken 
once before harvest, viz. : Sept, 1st; all beets in six feet of row 
were dug, weighed before and after topping, and two beets of 
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average size selected for analysis. The results of these analyses 
and of the analyses made at harvest time, Oct. 13-14, are shown 
in the following table: 

Analysis of sugar beets, Univeriity Farm, 1900. 









,f:k5«v, 


(Not'^eftU^i^edO 


Vabibii. 


Wt. 


augar 
ju'iSe. 


Puri- 


wt. 


Saier 
iuTce. 


Porl- 


beets 


SUSBT 

lu'i^. 


Puri- 


Bam 


plei taken Sept. 1. 
Wh.t« Queen, Al.«. 


LbB. 

'.9 


Perct. 


Prct. 

8a. 1 


Lbs. 

'.9 


Per ct. 

14 SS 
12.87 


Prct. 


Lbs. 


Peret. 
1523 


Prct. 

B0.4 






.■7^ 


ia.o« 


83,7 


.83 
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84.7 


.07 


14.B7 
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ttstakenalfHirveil. 

Vilmorin, France.. 
^hringen,Slrandefl 

Vilmarin, Austria . 
White Queen. Aus- 


.1 


13. K 

•i'i 

18.64 
17.34 

13 30 


82 :o 

SI. 7 
SI.S 
61.2 

7».0 


'■\ 


i9:«« 

18.14 
IS. 23 
13.07 
14 >« 


St 5 
78. S 

8a."8 


.3 

-7 


14^08 
16.28 
1B2U 

19 S3 

13 l« 

14!76 
1S.6« 


H!>:4 


VI 


tU»iD«., itaaEU 




VII 


Kleinw.. Eusaia 
VUmorin. France.. 


ri.t 


At., 


lol. of VI and VII 


*' 


14.80 


8U.8 


.70 


16.83 


84,8 


,84 


IS, 98 


-' 



The differences in the results of the analyses of the beets 
grown on the A and C plats (not fertilized) go in the same di- 
rection in ease of all varieties but two and are due to differences 
in the chemical or physical condition of the soil in the northern 
and southern parts of the field. The results obtained in 1898 
were therefore duplicated during last year. By reference to 
our 16th Annual Eeport, p. 257, it will be noted that the south- 
ern half during that season, although receiving a heavy dressing 
of <Jomplete artificial fertilizers, yielded poorer beets and a lower 
acreage than the nortliem unfertilized half. Both in case of the 
September analyses of the beets grown on plats III to V this 
yeai, and in the analyses made at harvest time, there was. a 
general improvement in the content of sugar in the beets and in 
the purity of the juice, going from north to south. Nos. I and 
XX were the same kind of seed, and the results given in the pre- 
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ceding table surest that tlie character of the soil going from 
east to west must have been quite uniform. We notice that the 
fertilized half of the iield (B) produced generally beets of 
higher sugar content and purity than the unfertilized plat lying 
to the north (A) and lower than that to the south (C), and that 
the results for this plat are nearer those obtained on the latter 
plat than on the former, showing that the application of the fer- 
tilizers had a tendency to improve the quality of the beets pro- 
duced, as it did the yield obtained, which will be presently 
shown. 

Comparing the results obtained for the same varieties grown 
on the fertilized plat B, with the average of those for beets 
grown on the unfertilized plats (A and C), we find that the 
quality of the beets as r^ards sugar content was improved 
through fertilization in four cases and somewhat decreased in 
five eases, the average being for the fertilized plats 15.30 per 
cent,, and for the unfertilized plats 15.03 per cent. In the 
same way the purity of the beets grown on the fertilized plat 
was increased over that of beets grown on the unfertilized plats 
from 81.7 to 82.8 per cent. 

The yields of total and of trimmed beets, as well as of sugar 
in the beets, in ease of the different varieties are shown in the 
following table which gives the sum of the yields from the two 
unfertilized plats and those from the fertilized plat : 

Yiflds of beets and sugar, University Fann, 1900. 



NO.0FV4B- 


No. Of 


Plats Not Fbbtilized C& 
and C). 


PbetilizedPi.«t(B). 


^t^. 


Trimmed 


Sugar. 


ES. 


Tfitnmed 


Sugar. 




> 

7 
5 

.' 

11 

: 


l^■^ 

m 

U2 
887 

ISS 
1,101 
896 


e 

8 

8 
5 

a 

2 


139.4 
Mi.3 
3B8.9 
819.7 

1.137 G 

1.814.7 




Ml 

427 

1.2» 
1,092 
1,4« 
2,711 




,S:, 

881.9 
448 2 

eoi.i 

1,192.6 
2,197.1 






84 

' » 
m 

iw 

98 
IBS 


8 
8 


SI 

G2 

155 
112 

m 

80S 
















VI 








IX 




TdUI.... 





■plOl 


' 


7,222.7 


1,012 





10,H8 




8.S7I.0 


1,222 


' 
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The total yields of beets from the unfertilized plats were 
9,101.1 lbs., and from the fertilized plats 10,548.3 lbs., or 
31,460 and 36,470 lbs. per acre, respectively, — an. increase of 
2% tons ; in the same way there was an increase in the yield of 
sugar at the rate per acre from 3,497 to 4,226 lbs., or 729 lbs. 
The total sugar divided by the yield of beets gives aa the aver- 
age per cent, sugar in the beeta grown on the unfertilized plats 
14.01 per cent., and in those grown on the fertilized plat 14.26 
per cent., an increase of a quarter of one per cent. Comparing 
the cost of the fertilizers applied with the value of the increase 
in the tonnage and quality of beets obtained we find that the ap- 
plication was not a paying investment, since the fertilisers cost 
at the rate of about $22.60 per acre, and the value of the in- 
creased yield of beets would at all events not exceed $12. Aa 
the application of fertilizers was a very heavy one,, it could 
hardly be expected that the crop harvested, should pay for the 
fertilizers used. The experiment was planned to throw light 
on the difference in the state of fertility of the different parts 
of an apparently homogeneous piece of land and not for the 
purpose of ascertaining at wliat point an economical application 
of artificial fertilizers would lie. 

The total yields of beets from seed of different origin and of 
sugar per acre are shown in the following table; varieties I and 
IX from the same seed are here added together: 

Total }/ieldg of different varieties from whole field. 





Area of PIst 


ToUlbe 




Av. prct.™ 


Cam;dlaibd Yibld pkb 








Bcebi. 


Sugar. 




Sq. ft. 

10.320,0 
3.1S0.0 

i,aoo.o 
um.a 

2,830 
2.810.0 
2.8W0 


Lbs. 

7.!Jfi0 7 


13.77 
13. «0 
1S.2B 
IS.Sl 
17.38 
U.58 
12 51 
U 17 


Lbs. 
31.030 

M.810 
29.960 

35,370 
32.830 
12,140 


Lb«. 








1,884 
82S 

2.338 
1.989 
2,825 














VI 


4,172 












25.200.0 






1*.1S 


35.1.70 
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The average yield of beets per acre came to nearly 17 tons, 
and that of sugar to 3,862 lbs., the average sugar content of the 
trimmed beets being 14.15 per cent. 

It will be seen that the varieties ranged in the following or- 
der: 

As io yield of beets: Kleinwanzleben Dippe, Austrian Klein- 
wanzleben, Kussian Kleinwanzleben (No. 1), Zehringen, Kus- 
rian Kleinwanzleben (No. 2), Vilmorin France, Austrian 
Queen of the North, and Austrian White Improved. 

As to yield of sugar: Kleinwanzleben Dippe, Austrian Queen 
of the North, Austrian Kleinwanzleben, Russian Kleinwanz- 
leben (No. 1), Austrian White Improved, Vilmorin France, 
Zehringen, and Russian Kleinwanzleben (No, 2). 

As to the per cent, of sugar in the beets: Austrian Queen of 
the North, Austrian White Improved, Austrian Kleinwanz- 
leben, Russian Kleinwanzleben (No. 1), Kleinwanzleben Dippe, 
Vilmorin France, Zehringen, and Russian Kleinwanzleben 
(No. 2). , ■ 

Season 1901.— The season of 1901 was as a whole very un- 
favorable to most crops in Wisconsin. The extremely hot and 
dry weather during July and August did great damage to crops 
all over the State, the southern part of the State suffering most 
from the drought. The average temperature of July was 4.8'^- 
above normal, and in the region along the western border of the 
State the average for this month rose 10° F, above the normal 
temperature. The rainfall during the season was very uneven, 
the average for the northern and central counties being nearly 
23 inches for the seven months, ATarch to Sept., and only about 
14 inches for the southern counties. The total rainfall for the 
seven months was on the average for the whole State 20.41 
inches, which is two-thirds of an inch below normal. 

The plat set apart for the sugar beets at the University Farm 
was a piece of land about one-half acre in area (155 ft. by 141 
ft.), in the northwestern portion of Randall field. The field has 
been used as a pasture ever since this region was settled, and was 
in com last year. During late years prior to 1900 it served aa 
a pasture for sheep or cows, but has never been otherwise 
manured. The soil is a clay loam and, like most of the land on 
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the University Farm, has a tendency to bake after rains. The 
land produced a very good corn crop last year, and as regarda its 
etate of fertility should have been well adapted to the production 
of sugar beets; the lower part of the field slopes toward the 
northeast, and the unevennesa in the soil in different parts of 
the field thus introduced rendered it somewhat unsatisfactory 
for variety testa. The land was plowed early in the spring of 
1901 and a few weeks later prepared in tie usual manner for 
the planting of the beet seed by discing and pulverizing. The 
pl-anting was done by nie.ans of a hand seed drill on May 17, in 
rows running north and south, 1 8 inches apart. The experience 
of last year was duplicated this spring since a hard crust was 
fonned on the land through heavy rains a few days before the 
young plants began showing themselves above groiijid. As many 
of the young plants most likely would have been unable to break 
the crust formed, it was decided to reharrow and replant the en- 
tire plat and this was accordingly done on June 7th. The fol- 
lowing varieties were planted : 



».. 


Name o( varidty. 


U. S. 
Dept. 


No. of 






B,TT2 










































B,TT2 


23 















The origin of the seed planted was as follows : Varieties 
"Nos. I, II and III, TJ, S, Dept, of Agriculture, Section of Seed 
and Plant Introduction ; Nos, VII and VIII, U, S. Dept. 
of Agriculture, Bureau of Chemistry ; No. IV from the Sugar 
Beet Gazette, Chicago, 111. ; Nos. V and VI, Bohemian sugar 
beet seed from Wohanka & Co., Prague. 

The plants began appearing above ground about June 14 ; a 
terrj^c thunderstorpi occiirjing on June 16 did great dM)- 
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age to the beets, as to all crops in this vicinity, and the soil 
of the eastern part of the field was badly washed, in places to a 
depth of two to three inches; in other places the, young beet 
plants were covered to a similar depth. The field was thor- 
oughly hoed, as soon as the land could be worked, and although 
the crop at first aefemed entirely ruined, the beet plants gradu- 
ally recovered ; in the eastern part, however, they seemed strug- 
gling for existence against heavy odds for a week or more. The 
plants were thinned on June 27th — July 1, a strong plant be- 
ing left every 9 inehra in the row. Owing to the severe drought 
no transplanting was attempted. Tor over a month after this 
date no rain fell and the beets grew but little, the best stand be- 
ing in the southwest corner and the poorest in the southeast 
comer of the field. The drought in this vicinity completely 
ruined some crops and the prospects were at this time that there 
would not be a yield of 50 per cent, of average of any crop. 
The sampling of the beets for analysis was done for the first 
time September 25, and from that time up to harvest, variety 
No. VIII was sampled every week. The results of the analysis 
are given in tlie following table : 



Jienulta of analyses oj 


sugar beeln, Univer 


gity Farm 


,1301. 


Date of MmpllDK. 


TBrtoty. 


Ay. »e)shC 

of trimmed 

boeta. 


SDOJ 

JoicB. 


Beets. 


Pnrlti ot 






Lb9. 


PerluDt, 


Per cent. 


Percent. 


Sept.2S 


I 
tl 


.» 


10.83 
12,20 


11.8 


80.0 

70.a 




til 


.8 


11,60 


II. S 


68.4 




VI 


.8 


12.19 


11.6 


78.6 

70.6 




VII 


.8 


IZ.W 


13,1 


TSi 




VIII 


.8 


13.60 


12.0 


TI.2 




VIII 
VIII 


.67 


13.69 
10-75 


13.0 
10.2 













The sampling of No. VIII was done by diggi 
Jeet of row of average luxuriance and selecti 



ng all beets in 
ng three beets 
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from the lot. Samples of tKis variety were forwarded to Wash- 
ington to the Bureau of Chemiatiy, U. S. Dept. of Agriculture, 
at the request of the chemist, Dr. Wiley. The other varieties 
were sampled by digging the beets in 13 feet of the row and sc- 
. lecting three average beets of those dug. The low results of 
analyses were due to the immature condition of the beets. A 
rainy period set in on October 7th which lasted for 5 days ; over 
two inches of rain fell during this time. The weather was raw 
and cold during the following days ; the harvesting of the beets 
was postponed as long as practicable so as to give the beets a 
chance to mature ; otlier farm work and the uncertainty of the 
advanced season rendered it necessary, however, to begin- the 
harvest on October 18th, At that time the beets looked as if 
they were still growing; but few dead leaves were observed, and 
the general appearance of the beets was green and thrifty. The 
beets on the western half of the plat looked much better than 
those on the eastern half. There was no difference in the ap- 
pearance of the beets that with any certainty could be referred 
to differences in the kind of seed used. 

A bushel basket of beets was taken from each load hauled off 
the field (one to two bushels of each variety) ; the samples thus 
secured were washed to determine the amount of adhering 
dirt. The shrinkage amounted to 2.8 to 8.8 per cent, for the 
different varieties, and on the average to 5 per cent. The re- 
sults obtained at harvest are shown in the following table: 





.S'ufftj 
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agon 1901. 






„„. 
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1,860 
l.SW 
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12,1 
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If the results for varieties Nos, II and VIII are averaged, and 
also those for Nos. IV and VII, we arrive at the following com- 
parative order of the different varieties of seeds as to yields of 
beets and of sugar per acre and average per cent of sugar in the 
beets: 

Relative ratik as to yield of heels: Vilmorin's Very Rich, 
Hoeming's Kleinwanzleben, Dippe Kleinwanzleben, Zncker- 
reicher, Meyer's rriedrichwerffher Elite, and Extrareicher, 

As to yield of sugar: Hoeroing Kleinwanzleben, Zucker- 
reicher, Vilmorin's A^'ery Rich, Dippe Kleinwanzleben, Meyer's 
Elite, and Extrareicher. 

As to per cent, of sugar in the heels: Hosrning's Kleinwanz- 
leben, Znclcerreicher, Meyer's Elite, Dippe Kleinwanzleben, 
Jlxtra reicher, and Vihnorin's Very Eicli. 

The low results obtained during the past season with the Uni- 
versity Earm beets were somewhat of a surprise to us, although 
we did not expect much this year, from the adverse conditions 
under which the beets grew throughout the season, the most im- 
portant of which was the late date of planting. The peculiar 
climatic conditions, with the short growing period which the 
beets had, fully explain the results and also show that soils 
which in ordinary seasons will produce rich beets, higher in 
sugar than the common factory standard by at least several per 
cent., as has been generally the case on our University Farm 
soil, may with the same kind of careful culture under excep- 
tionally unfavorable conditions produce beets that would not 
be accepted at a sugar factory. The results of the analyses of 
beets grown by Wisconsin farmers during this season, which 
are given below, show that similar conditions did not prevail in 
all other portions of the State ; for three to four weeks after the 
beets were harvested the weather was most favorable to the ma- 
turing of beets, being sunshiny and quite warm, and if the harv- 
esting could have been postponed for this period there can be no 
doubt but what the results would have .been nearly up to the, 
standard set by earlier work in this line done at our Experiment 
Station. This would, however, have brought the harvest nearly 
a month and a half later than in earlier years, which under ordi- 
nary fall condition^ would be impracticable or at least ijuit^ 
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inconvenient. The possible improvement of beets during the 
weeks following the harvesting is suggested both by compari- 
sons of analyses of beets received from outside points before and 
after the time of our beet harvest and from what we know of 
the relations of weather conditions to the quality of the beets 
grown. 

B. ANALYSES OF BEETS GROWN BY WISCONSIN FARMERS. 
1»0« AND 1901. 

During both these years beet seed was distributed for trial - 
purposes to Wisconsin farmers who applied for it or were known ' 
to be interested in the culture of sugar beets. The interest in 
sugar beets has been stimulated during the present year by the 
establishment of the beet sugar factory of the Wisconsin Sugar 
Company, at Menomonee Falls, Wis. Most of the samples re- 
ceived for analj'sis during this fall have been forwarded by 
farmers furnishing beets to this factory as its regular patrons, 
or for trial with a view of establishing sugar factories at neigh- 
boring points in the near future. Thirty-four samples of beetd 
were received and analyzed during the fall of 1900, and 249 
samples during this fall up to Dec, 1st, The results of the 
analyses made during both years have been summarized by 
counties and are given in the following table. 
18 
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Summary ofanolysex of sugar beetii, »ea»ons 1900 and 1 



No. of WeiBht_ 

Year. samplaa trimmed 
apalyzfld. 



Calnmet 

Chippewa ... 

Colnmblti .... 
Colnmbia .... 

Dane 

l>odg« 

Dodge 

Florence 

. F^d da Lac 

JefCerHon 

EenoBba 

L> CroBBC — 
llBrBtlian .... 
Marquette — 
Ullvaoliee .. 
Mllwaokee .. 

Oaankee 

Polk 

BalUc ..'.'"".'. 

Wbwbdo 

Sheboygan ... 
Walworth .... 
Walworth ... 

Wishbnm 

Waahbnm 

Waahington .. 
"WaAlnKtoD .. 
Vankeaba ... 
Vankeiha ■ . . 

Waopaca 

Winnebago ... 



The r^ults obtained during the past two years go in the 
same direction aa those found in previous years and give new 
proof of the adaptability of the eastern portion of our State to 
the culture of sugar beets. The number of samples received from 
other portions of the State wlicre sugar beets of high sugar con- 
tents and purity have been grown in earlier years, is too small 
to signify much in discussing in how far these regions are 
adapted to sugar beet raising. But few farmers furnished in- 
formation as to the yields of beets harvested by them ; the mean 
of data furnished on this point during the season of 1901 would 
indicate that crops of twelve to fifteen tons were obtained, on the 
average. As most of our correspondents described the season aa 
"very unfavorable" or "to dry," it is likely, however, that this 
estimate is considerably too high, and ten to twelve tons would 
perhaps be a more representative average yield for the past sea- 
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As an cxam]>lc of tlie high grade of sugar l)eets which can be 
grown in our State even liy farmers who liave ha<I but Httle ex- 
perience with this crop, tlie following analyses of sixteen sam- 
ples of beets grown by nionibers of the Watertown Beet Growers' 
Association are here given. The samples were received in one 
shipment on Nov. 20th, and were from beefs harvested about 
Nov. 1st, or during the early part of the month. All samples 
were in good condition when received and analyzed, and had not 
to all appearances wilted during storage. 

JteeuUa of analyses of beets grown by WatF-rttuvn Beet Growers' 
A »gociaiion. 
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20JiO 





8 80.8 



The analyses of ])octs grown in this locality, as well as in the 
entire lake region and tlie adjoining counties of our State, show 
that the cultural side offers no difficulties for the establishment 
of beet sugar factories. The results surest that other factories 
that may be established will receive the hearty co-operation of 
farmers as soon as these are convinced that the factories have 
sufficient financial backing to give promise of success and are 
started in a business-like way. 

It may not be out of place to mention in this connection that 
Wisconsin's first beet sugar factory, at Menomonee Falls, Wis., 
has been in successful operation for about a month at the present 
writing (Dec. T). During this time, according to a coipmimica- 1 , 
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tion received from the president of the Wisconsin Sugar Com- 
pany, ifr, R. G. Wagner, twelve million pounds of beets have 
been sliced, producing about 3,500 barrels extra-fine granulated 
sugar. It is expected that the factory during the month of De- 
c^uber will reach full capacity, working 500 tons of beets per 
day. The average sugar content of beets received up to this 
time is about 14.5 per cent. ; this must be considered a most sat- 
isfactory showing, especially for the first year. 



)vGooi^le 



AgBICULTUBAL ExPEEIMBNT ^TATiOI*. 



m 



ANALYSES OF LICENSED FERTILIZERS IN WISCONSIN 
1901. 



p. W. WOLL AMD ALFRED VIVIAN. 

The following manufacturers have taken out a license for the 
sale of the brands of fertilizers given, in this State during the 
current year, in accordance with Wisconsin statutes of 1898, 
sec. l-i9-ic: 



8ta- 




Name of Brand. 


u 


Darling 4 Co., Chicago, lU 


Darling's TobBCCO Special. 


12 


Carrie Broa,, Milwankae, Wig 


Carrie's Complete Fertilizer for 
Lawns, Hay aod Pastnre. 


4S 


Milwaukee Taltov and Srease Co., Milwan- 






■ 




H 


Armour Fertilizer Works, Chicago, 111 


Bone Meal. 


45 


Armour Fertiliser Works, Cliicago, 111 





The Station analyses of the brands given are shown in the 
following table. According to Wisconsin statutes of 1898, sec- 
tion 1494c, each manufacturer "shall affix to every package of 
fertilizer sold . . a statement of the following fertilizing 
constituents, namely : The percentage of nitrogen in an avail- 
able form, of potash soluble in water, and of available phos- 
phoric acid, soluble and reverted, as well as total phosphoric 
acid," The guaranteed composition of the licensed fertilizers 
is given in the table in connection with the results of our analy- 
ses of the samples furnished by the manufacturers in compli- 
ance with the State fertilizer law. 
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■The mechanical analysis of the samples of tone meal included 
among the licensed brands of fertilizers gave the following re- 
sults, the portion passing through a sieve of one-fiftieth inch 
mesh being designated as p,ne-ground, and tliat remaining on 

such a sieve as coarse. 





Mechanical analj/sis of bone meal. 
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Brand. 
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Fertilizer inspection. — It is impossible to tell from the ap- 
pearance or odor of a commercial fertilizer whether it contains 
a large amount of valuable fertilizing ingredients or only a very 
small amount. Tiiere is therefore a strong temptation for ir- 
responsible parties to make and sell inferior or even valueless 
goods as standard fertilizing artielfs; so much so, that it has 
been found necessary in all states where the fertilizer business 
has grown to be of any importance, that the state- should in some 
way supervise their sale. Laws regulating the sale of commer- 
cial fertilizers are at the present time in force in a large major- 
ity of the states of the Union, The Wisconsin fertilizer law 
which was passed by the legislature in 1895 is given in full, at 
the end of this report: According to tiie provisions of the law, 
all commercial fertilizers sold in this state at a cost exceeding 
$10.00 per ton are to be licensed. They must be sold on a guar- 
antee of certain amounts of valuable fertilizing ingredients con- 
tained therein, and the director of the experiment station, on - 
whom is laid the duty of enforcing the law,, is authorized, in 
person or by deputy, to take samples of all commercial 
fertilizers sold in this state which come within the scope 
of the law. In case of licensed fertilizers it may thus be ascer- 
tained whether these come up to the guaranteed composition, 
and when it is found that parties are selling fertilizers without 
complying with the provisions of the law, the offenders may be 
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brought before the proper legal authorities and convicted accord- 
ing to section 1494d of Wisconsin statutes of 1898. This sec- 
tion imposes a fine of $100.00 for the first offense and $200.00 
for each subsequent offense. 

It is hoped that all dealers in commercial fertilizers in the 
state will comply with the law in all particulars, and that they 
as well as purchasers of such fertilizers, will assist in the en- 
forcement of the law by giving notice of violations of the same. 
A strict compliance with the law is for the best interests of al] 
honest dealers and consumers alike. Only firms that live up to 
the requirements of the law and have taken out licenses for the 
sale of their brands of fertilizers should be patronized ; the law 
does not offer purchasers any protection against dealers in other 
states who sell inferior or fraudulent gocds. 
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AN APPARATUS FACILITATING THE ANALYSIS OF 
SUGAR BEETS. 



ROSCOE H. SHAW. 

With the idea of lessening the time required in the analyaia 
of sugar heets, a simple apparatus has been devised by the 
writer to facilitate the determination of the specific gravity of 
the juice and the preparation of the same for the polariscope. 
Hoping that it may prove of some value to chemists engaged 
in sugar beet work, a diagram sketch and description of the ap- 
paratus is herewith published. 

In the chemical laboratory of this Experiment Station the 
method employed in the determination of sugar in the juice of 
sugar beets is briefly as follows: the specific gravity of the ex- 
pressed juice is found by means of a Westphal balance; 50 c. c. 
of the juice is then clarified with lead subacetate, made up to 100 
0. c, filtered and polarized in a 200 mm. Pellet overflow obser- 
vation tube with a Schmidt & Haenseh half-shadow polariscope. 
The percentage of sugar is then calculated from the specific grav- 
ity and the polariscope readings by the tables compiled by Dr. 
Chas. A. Crampton, 

The apparatus consists of a cylinder a, an overflow pipette 
/, a graduated burette k, a receptacle for distilled water i, con- 
nections, etc. The cylinder a is about seven and a half inches 
high with an internal diameter of about one inch. It is pro- 
vided with an outlet petcoek c, so arranged that it completely 
drains the cylinder, and a funnel b which is fastened to the in- 
side of the cylinder by any convenient means, dissolved rubber 
being used in our apparatus. It sets with a Westphal balance 
on a secure stand fourteen inches above the operating table. 
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The balance is so adjusted that the bulb d plays freely iu the 
center of the cylinder. Cylinder a is connected with the over- 
flow pipette / by means of the tube e, e. 

The overflow pipette / is constructed from a piece of glass 
tubing of one inch internal diameter, by drawing it out to a 
narrow neck at a point about four aud a half inches from one 
end of the tube and then blowing an open bulb, as is shown, in 
the figure. The pii)ette with bulb is about five and a half 
inches long. It is provided with a rubber stopper which slices 
rather tightly inside, and through which run the inlet tube 
Cj e, the outlet tube ;, and the overflow tube g, which has its out- 
let at the back of the apparatus into any convenient receptacle 
t. The outlet tube j 19 provided with a petcock h. The pipette 
is e-alibrated by so adjusting the rubber stopper and overflow 
tube that when the latter has its inlet at the narrow neck of the 
tube exactly 50 e. c. of juice will be delivered through the 
outlet ;, 

Burette h has a capacity of 50 c. c. graduated to tenths (not 
shown), is provided with a petcock I and is connected by a piece 
of rubber tubing to an S shaped tube m, which is drawn out at 
the end and projects one-half inch lower than outlet tube }. 

The receptacle for distilled water i of any convenient capac- 
ity has its outlet tube o, provided with a petcock p, and ends in 
a drawn-out point q which ends flush with the point of tube ;". 
The three outlet tubes j, n and q are fastened together by means 
of a rubber tube so that they will readily enter the neck of an 
ordinary 100 c. c. graduated sugar flask. 

In using the apparatus the cylinder a is filled nearly to the 
top by pouring the expressed juice through the funnel h. The 
petcock c is then opened until the level of the juice reaches a 
point in the cylinder previously determined by distilled water 
to give the reading 1.0000. This serves the double purpose of 
avoiding the error caused by the displacement by the wire sup- 
porting the bulb and rinsing the apparatus of its previous con- 
tents. Further rinsing is unnecessary. The rinsings are 
drawn off through j. 

The specific gravity of the juice is then determined as usual 
by weighing the bulb in the juice. When this is accomplished. 
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the petcoek c is again opened and the juice allowed to flow out 
until the overflow tube g begins to work. Petcoek c is now- 
closed and a graduated 100 c. c, flask is placed under the three 
outlet tubes j, n and q. Petcoek J; is now opened and the juice 
allowed to flow into the flask. While the juice is flowing, 2 c. c. 
of lead-subaeetate solution is run in from the burette through 
m, n, and a slow stream of distilled water from i through q. 
When the overflow pipette is emptied of its contents, additional 
wdter is allowed to flow in until the mark ia reached. After 
being shaken and filtered the solution is ready for the polari- 
scope. 

By simultaneously adding juice, lead-subacetate solution and 
water, not only is a fairly intimate mixture assured, but much 
of the frothing is avoided ; it is found that a clear filtrate is oI>- 
tained by immediate filtration without waiting a few minutes 
as is customary in the ordinary process. The' apparatus is 
readily cleaned when one is through using it by allowing water 
to ruQ through it. 

The device is easily constructed, and since the meniscus is 
reduced to a minimum by having the inlet of the overflow tube 
in the narrow neck of the pipette tube, it is, if properly cali- 
brated, even more accurate than an ordinary pipette. The 
pipette has the additional advantage of delivering any quantity 
desired by simply adjusting the rubber stopper and outlet tube. 

Care must bo taken that tube n projects fully a half inch be- 
low the other outlet tubes as otherwise a precipitate will be 
formed in tube j which will impede the flow. The flow of water 
over n prevents the formation of a precipitate in the point. It 
is necessary that the juice is free from any pulp, so that the ap- 
paratus will not become clogged. We have found that press 
bags made of heavy drilling doubly hemmed are most service- 
able and insure a clear juice. With due attention to these pre- 
cautions it has been found that when one is once familiar with 
the apparatus, much time and labor are saved at the otherwise 
rather laborious routine of sugar beet am 
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MISCELLANEOUS CHEMICAL WORK. 



ROSCOE H. SHAW. 

The chemical department of this Station gladly undertakes 
to analyze samples of agricultural products bo far as our time 
and means permit, whenever the results of such analyses are 
deemed of value or interest to the agricultural public of the 
State. We reserve, however, in each case the right to publish 
these results in the annual report or in whatever way it may be 
considered desirable. During the year the chemist has been 
called upon to make analyses of feeding stuffs, fertilizing 
materials, lime rock, dairy salt, tobacco extract, and clam and 
oyster shells, as shown in the following pages. 



A. Analyses of feeding stuffs. 



I AUairahay 
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S Gluteo meal 
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i Oslfl 

I Lineeed oil meal 

1 PeaDDtmeBl 
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r Corn silage 
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B. Chemical analyst's of fertilizing materials. 



No. Name. 


Name o( Bender. 


Mois- 


Nitro- 


Pbos- 
acid. 


Potash 




WiBconatn Pearl BattoD Co. 




.311 

2.60 


Per et. 


Per ct. 
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.10 




te 


J. H. atout, Menomonie. 
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s of lime rock to be used in manufacture of sugar 
, sugar beets. 
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mples, supposed to be lime stone, were analyzed to 
whether' or not they were adapted for use in the 
e of sugar from sugar beeta. Of these samples A, 
1, and G were sent in by the AViseonsin Sugar Co., 
> Falls, "Wis., and sample F by Dr. A. H. ^artwig of 
I Wis. In the above analyses the moisture, lime and 
rere determined directly, the carbon dioxide calcu- 
ng in eombination with the lime and magnesia, and 
le matter composed of ferric oxide, alumina, silica, 
lined by subtracting the sum of the others from 100. 
nical composition of the seven samjjles varies but 
I agrees very closely with the composition of the min- 
te which is a calcium-uiagnesium carbonate with ini- 
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J). Anoiyxes of Dairy Salt. 



Number of asmplo. 


A, 


B. 


C. 




Per ot 


Per ot 
,« 
.» 
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B8,T2 


Per ct. 


Insolublare8idu8 

Caloium sulfate 


B8 


36 

m 
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OS 
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oo 
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These three samples of dairy salt were sent in by the Cream- 
ery Package Co. of Chicago. The analyses were conducted ac- 
cording to the method used by Prof. Woll in preparing data for 
his bulletin "A Study of Dairy Salt" (Wisconsin Experiment 
Station, Bui, No. 74). Sample B is a particularly fine grade of 
salt, while sample C was proven by the analysis to be an in- 
ferior grade. 



E. Analyses of tobacco extract. 

Pour samples of tobacco extract were sent to the laboratory at 
different times during the year. These were all forwarded by 
Mr. L. S. Borden of Milton, Wis., who prepared them from 
waste tobacco. 

The samples were investigated for their nicotin contents and 
a wide range in percentage was found. The nicotin was deter- 
mined by Biel's modification of the Kissling method, with the 
following results : 

No. 1 - - - . 55;^ nicotin. 

No. 2 - - - 2.155^ nicotin. 

No. 3 - - - 1 . 40^ nicotin. 

No. 4 - - - 5 , 21jt nicotin. 



The extract was 



3 a "sheep dip" or insecticide. 
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F, Analyses of clam and oyster shells. 

One sample eaeli of clam and ojater shells were analyzed to 
determine their respective values as a poultry food. Determin- 
ations of calcium carbonate only were made with tb^e resulla : 

Clam sheila - . - 94,28^ calcium carbonate. 
Oyster shells - - - 95.71^ calcium carbonate. 

These shells can hardly be termed a food in the ordinary 
sense, since tbey serve only in the double capacity of furnishing 
lime for e^ shells and as an aid in pulverizing the food proper 
in the crop. The analysis shows but little choice between them 
as a source of lime, but tbe clam shells being harder might 
prove the more valuable of the two for pulverizing tbe food in 
tbe crop. 

The samples were sent in by the Wisconsin Pearl Button Co., 
La Crosse, Wis, 

Besides the above miscellaneous work, over one hundred sam- 
ples of milk and cream from different parties in the State have 
been tested during the year by this department. 
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A STUDY OF CERTAIN CONDITIONS AFFECTING THE 
SETriNG.OF FRUITS. 



E, S. aOFF, 



The setting of fruit blossoms, t. e., the transformation from 
the ovary of the flower into the healthy young fruit, is one of the 
moat obscure problems that beaet the fruit grower. The condi- 
tions affecting the process are so little understood that treatment 
to promote the setting of the flowers is out of the question. 
While the failure of the majority of the flowers to set is some- 
times a blessing, it is often a serious loss. The progressive fruit 
grower will welcome any evidence that throws light upon the 
subject. 

The setting of the fruit results, in most cases, from the fe- 
cundation or fertilization of the ovule or ovules by the pollen. 
At a certain period in the history of the flower, the top of the 
pistil (stigma) secretes a drop of viscous liquid. A grain o£ 
fertile pollen from a stamen of the same flower, or from another 
flower of the same species, alighting upon the stigma at this 
time, if the weather is sufficiently warm, soon undergoes a 
change resembling the germination of a seed. A slender tube 
grows from the pollen grain lengthwise through the pistil and 
into the ovary, where it comes in contact with the ovule which is 
the future seed. The contents of the pollen grain are then 
discharged. If these contents and the ovule are perfectly de- 
veloped, fecundation occurs. The ovary soon unilergoes a de- 
cided enlargement and the flower stem thickens, the outer flower 
parts shrivel and disappear, and we have left only the young 
fruit. 

The pollen grains are secreted by the anthers, which are the 
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enlarged top of the stamens. The anthers burst at maturity and 
set free the pollen as a yellow dust-like material that is readily 
blown by the wind, or that adheres to the bodies of insects that 
visit the flowers. As the pollen grains in normal flowers are 
very numerous, and as the stigma secretes a viscous liquid at the 
time the ovule is ripe for fecundation, the chances are greatly 
in favor of one or more pollen grains reaching the stigma of 
every flower, provided only the air is sufficiently dry and warm 
at the time to promote the flying of tlie pollen, and the visits 
of insects to the flowers. 

Among the causes that act to prevent the setting of fruits, a 
few are readily apparent, such as damage to the open flowers 
by wind, hail, insects or fungi, or a deficient development of 
parts, as the lack of the pistil so common in some of the native 
plums. ^ 

But the greater part of the flowers that fail to set fruit oft«n 
appear perfectly developed. They are not visibly injured after 
opening, but the ovary fails to enlarge at the proper time, or 
enlarges but slightly ; the stem shrivels and loosens its attach- 
ment tjj the branch, and the faded flower drops or is blown away 
by the passing breeze. In these cases, the failure of the flower 
to set is apparently due to the failure of one or more of the 
organs to perform their normal functions. The stigma may 
have failed to receive its pollen grain at the proper time, the 
pollen grain that found its place may not have germinated or 
it« contents may have been infertile, or some part of the pistil 
may have been abnormal, and thus prevented the fecundation. 
Obviously, a problem subject to such a wide range of causes 
cannot be investigated from all sides at once. The past season, 

' The following data ware gathered from flowers of certain native plums 
tliat faiJed to aet fruits : 



Variety. 


.^Sa. 


o^piaui. 


No. injured 
by in sects. 


No. broken 
by wind. 


No. de- 
stroyed by 
fungus. 


Cttu« not 


■ 


.OS 
101 


78 


19 


31 


I 




KoUiDSstoae 




2 
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tie study was undertaken chiefly from the standpoint of the 
pollen grain. 

INFLUENCE OF THE WEATHEE UPON THE BHESTING OF THE 
ANTHEBS. 

The first step in the process of fecundation ie the bursting of 
llie anthers and the setting free of the pollen. The influence of 
the weather upon this process was stuiJied with reference to (a) 
atmospheric moisture, and (h) temperature. 

It has long been known that the bursting of the anthers is due, 
at least in part, to the drying and consequent contraction of their 
outer walls. The following experiment was conducted to ascer^ 
tain to what extent, if at all, the anthers hurst in a moist 
atmosphere. 

On May 7tb, two flower-bearing twigs each of the PrunuB 
apple, Geocge Glass cherry and a seedling native plum were cut, 
and all burst anthers were removed from the flowers. The cut 
end of one twig of each fruit was then inserted into each of two 
bottles containing water. One of the bottles was left exposed to 
the air of the laboratory, and the other was set on a ground-glass 
plate by the side of a small dish of water, and the whole covered 
with a bell-jar. The air beneath the bell-jar was saturated with 
moisture a part of the time, as was shown by the condensation of 
water on the inside of the glass. 

Thus we had one twig of each of the fruits named exposed 
to the dry air of the laboratory, and a second to the nearly or 
quite saturated air beneath the bell-jar. 

After fifty-six hours, practically all of the cherry anthers and 
a large part of the apple and plum anthers outside the bell-jar 
had burst, while none of those beneath the jar had burst. The 
temperature of the laboratory in the meantime, as indicated by a 
thermograph on the table, varied from 65° to 70° F. Soon after 
this, the bell-jar was removed from the glass plate, leaving the 
flowers that had thus far been covered, exposed to the dry air of 
the laboratory. Fourteen hours later, many of the anthers had 
burst, and all eventually burst. 

From this experiment, we may infer that the anthers of the 
pl^nt^ used do PPt burst in a very moist atmosphere. This fa^t 
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18 important because it indicates that the pollen is not wasted by, 
protracted rain, as some bave suspected. So long aa rain falls, 
so long as the trees are wfet with rain or dew, or so long as they 
are enveloped in fog, no pollen will be discharged. ITor is the 
pollen likely to be discharged- much in damp, cloudy weather. 

In the above experiment, it was observed that the viscid secre- 
tion of the stigma, which causes the pollen to adhere to it and to 
germinate, remained longer in the flowers under the bell-jar 
than in those outside of it. This would indicate that a moist at- 
mosphere retards the maturity of the pistils as well aa of the 
anthers. It appeared also that the viscid secretion remained 
longer on the pistils of the plum than on those of the cherry. 

To ascertain the effect of a low temperature upon the bursting 
of the anthers, two flower-bearing twigs of the Northwestern 
Greeaing apple from which all burst anthers had been removed, 
were connected with bottles of water through a waxed cork ; and 
the bottles were each enclosed in a bell-jar with a dish of pure 
sulfuric acid to absorb all moisture from the air. One of the 
bell-jars was then placed in the lower chamber of a refrig- 
erator, where the temperature, as indicated by a thermograph, 
varied little from 51° F., and the other was left in the labora- 
tory, where the temperatue was about 70° F. Thus the flowers 
in the refrigerator were exposed to a temperature about 20 de- 
grees lower than the others, and were also in darkness while the 
others were in diffused light during the day. After 24 hours, 
some anthers had burst in the refrigerator, but many more had 
burst in the laboratory. The influence of the light, however, 
does not appear in this experiment. But if the immediate 
cause of the bursting of the anthers is the drying of their outer 
coat, as seems quite probable, it is evident that a low temperature 
will retard their bursting, because it will retard their drying. 

We may infer, therefore, that pollen is only discharged freely 
in warm and dry weather, and that a period of cool or wet 
weather during the blooming period tends simply to retard the 
bursting of the anthers and the dissemination of the pollen. 
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INFLUENCE OF THE WEATHEE UPON THE GEBMINATION OF 



The pollen must not only find its way to the stigma of the 
flower, but it must germinate before it can be of service in pro- 
ducing fruit. How far the germination of the pollen is depend- 
ent upon weather conditions does, not seem to have be«i deter- 
mined by experiment. A series of laboratory tests was, there- 
fore, made in the hope of throwing light on this question. 

It has long been known that the pollen grains of many plants 
will germinate in dilute solutions of sugar. The first experi- 
ments were made to ascertain what form of sugar and what 
strength of solution is moat favorable to the germination. Two> 
three, four and five per cent, solutions, respectively, of common 
granulated sugar, and a chemically pure sample each of cane 
sugar (saecfharose), glucose and milk sugar (lactose) were tested. 
Except in the raspberry, the largest percentages of germination 
and the longest germination tubes were secured with the three 
per cent, solution of milk sugar, hence this waa chiefly used in 
the experimenta. Pollen of the Wallace raspberry, however, 
failed to germinate in the lactose solution, but germinated well 
in the saccharose solution. 

In these experiments the pollen was secured by picking the 
flowers and placing their stems in water, for a few hours, in the 
■ laboratory. It is usually rather difficult to secure pollen from 
flowers in the open air, aa it is soon dissipated after the burst- 
ing of the anthers. , Tor the germination trials, a drop of the 
sugar solution was placed in the center of a microscope slide, 
and its surface touched with a burst anther with its adhering 
pollen grains, after which the slide was placed beneath a bell-jar 
to prevent the evaporation of water from the solution. As a 
rule, no cover glass was used on the slide. 

In order to test the influence of temperature upon the rate of 
germination of pollen of the plum, cherry, apple and peir, and 
to ascertain at how low a temperature the pollen of these fruits 
is capable of germination, three slides each of the Moldavka 
plum {Prunus domestica), the Wood plum {P. Americana) and 
of the Dyehouse cherry {P. Cerasus) were prepared on May 7. 
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One slide of each variety was placed under a bell-jar in the 
laboratory, one of each under a bell-jar in the lower chamber of 
a refrigerator, and the remaining one of each was placed on a 
small block of wood that floated in a dish of water set in the ice 
chamber of the same refrigerator. Two days later these slidea 
were examined under the microscope, and a drawing was made 
of a part of each slide (with one exception), by means of tie 
camera lucida. These drawings are reproduced in Figs. 61 to 
68. All illustrations of pollen are multiplied by 71. 




The laboratory and the lower chamber of the refrigerator 
each contained a thermograph during this experiment, from 
which it appeared that the temperature of the laboratory fluc- 
tuated between 65° and 70° T., and that of the lower chamber 
varied little from 51°. The temperature of the ice chamber as 
determined by numerous readings varied from 39° to 40° F. 
From the illustrations, it is evident that the pollen of all germi- 
nated slightly at 40°, and that the pollen of the two plums 
germipated much more freely at 51°. The pollen of the Mol- 
davka plum apparently germinated nearly as well at 51" as at 
65° to 70°, but the contents of the grains did not seem to have 
been discharged as freely. The Wood plum, however, shows 
much longer pollen tubes when germinated at 65° to 70*^ than at 
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Fio.CS.— Same aeFlK. SI, except that temperature was 51° F. 



d> 6!. 

o r 1° *^ 

OO Oq ^ 

FtQ..SB.— Same aa Fi«. SI, except that temperature naa 40° F. 




FlO. 61.— ClermiDatioaot polleDot Wood plum, exposed twodoya at a tempentara o[ 
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51°. The Dyehouse cherry germinated at the lowest tempera- 
ture rather more freely than the plums. These experiments in- 
dicate that the pollen of the plum and cherry is not likely to be 
prevented from germination by cold at the time the flowers are 
open, nor is the gennination likely to be much retarded until the 
temperature falls below 51° F. 




I appl 
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Sams ae Fig. SB, except 
perature was W F. 
<&U multiplied by 6e.) 



In another trial, started May 8, pollen of the Prunus apple 
and Vermont Beauty pear was exposed as above noted, with the 
results shown in Figs. 69 to 72. As appears, the appie poUen 
showed a very slight germination at 40 degrees. The pear pol- 
len, however, failed to germinate at 40 degrees, and a similar 
test made in 1900 also failed. Pollen of the strawberry (vari- 
ety unknown) that germinated rather freely at 51 d^prees also 
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failed to germinate at 40 degrees. At 51 degreee the pear pollen 
showed only a feehle germination. 

To ascertain the effect upon the germination of the pollen of 
prolonged exposure of the flowers to a cool, damp atmosphere, 
a flower-bearing twig each of King's Amarelle cherry, Lombard 
plum and Wood plum was placed, with the cut end in water, in 
the lower chamber of the refrigerator and in the laboratory on 




isFiB.ei. except Ihat pollen was ^^W-o. 
of Wood pi — 
tAU mnltiplU 



May 4, both lots being covei-ed with a bell-jar. The air was so 
moist beneath the bell-jar that no anthers opened, and some of 
the petals blighted. Late in the afternoon of May 9, the twigs 
were removed from the lower chamber of the refrigerator to the 
laboratory, and the bell-jars were removed from both lote to 
permit the anthers to burat. The next morning (Kay 10) a 
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slide was prepared with pollen from each of the six twigs, and 
placed beneath a bell-jar in the laboratory. Thirty-three hours 
later the pollen from the twigs that had been in the lower cham- 
ber of the refrigerator had germinated rather freely, as appears 
from Figs. 73, 74 and 75, while none of that kept in the labora- 
tory had germinated. Fig. 76 shows a sample of pollen of the 
Lombard plum that had been kept in the laboratory, from which 
it appears that the grains swelled as freely as those from the 
refrigerator. 

From thia experiment, we may infer that a prolonged rainy 
period during the blooming season is not likely to injure the 
vitality of the pollen if the weather remains eool, or in the 
neighborhood of 50 degrees, but that it may destroy its vitality 
if it is as warm as 65 to 70 degrees. 

Several experiments were made to determine the influence of 
exposure of pollen io frost upon its germination. These were 
but partially satisfactory, as in the principal trial, which in- 
cluded pollen of the apple, plmn, and cherry, the pollen, for 
some unknown reason, failed to germinate well when not ex- 
posed to the frost. Tlie fact was brought out, however, that 
pollen of the plum, cherry and raspberry is n(rf. necessarily de- 
stroyed by a short exposure to a temperature several degrees be- 
low liie freezing point. 

These experiments were conducted by means of an ice-cream 
freezer, of which the chamber was lined with thick paper to re- 
tard the changes of temperature. Flower-bearing twigs were 
first placed in the lower chamber of a refrigerator to partially 
cool them; from this they were transferred to the chamber of 
the ice-cream freezer, in which the temperature was indicated 
by a thermometer inserted through a hole in the lid. The time 
required for the temperature to fall to the freezing point after 
the flowers were put in the chamber varied in different trials 
from 4: to 16 minutes. Different samples of the flowers were 
exposed to temperatures varying from +3° to — 5° Centigrade 
(about 38° to 23*^ F.), each sample being removed from the 
chamber when the temperature had fallen to the desired point. 
Figs. 77 and 78 show germinated pollen grains of the plum 
and cherry that had been exposed to a temperature of ~-2° C. 
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(about 2&° F.), and Fig. 79 shows genninated pollen of the 
Wallace raspberry that had been exposed to — 5° C. (about 
23° F). Strange to say, the pollen of the raspberry thus ex- 
posed appeared to germinate aa well as that of the check sample 
that was exposed only to the ordinary temperature. The whole 
flower head drooped after the exposure. 
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The subject of the viialiiy of pollen grains is interesting, but 
it is difficult to study since we are never sure that our solution 
used for the germination test is as favorable to the germination 
as the liquid furnished by the stigma of the flowers. The fact 
that different solutions show varying results raises the question 
if any of them are really good. In our trials the penjentage of 
germinating pollen grains has usually been quit« small. There 
are indications, however, that different samples of pollen vary 
much in vitality. In the spring of 1900, several samples of 
pollen of the Smith's Eed plum failed entirely to germinate in 
tie solution in which other plum pollen germinated fairly well. 
Fig. 80 shows a sample of pollen of the Virginia crab apple in 
which a considerable part of the grains failed to swell, which 
would indicate that they were not aU equally capable of germi- 
nation. Huch more data are needed before we can arrive at 
definite conclusions on this subject. 
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Infiueaice of the vigor of the tree upon the setting of the 
fruit.— -"Doea rapid growth in cherry trees favor or hinder the 
setting of the fruit ? The fruit spurs in the cherry almost al- 
ways terminate in a leaf bud. This bud usually resumes growth 
about the time the flowers open, and if the tree is vigorous, the 
young shoot is growing rapidly during the fruit-setting period. 






Qq % 



Fio 80.— Polteo of Virginia crab Bppla.'showing irregularity in snsIIinB of pollen 



To ascertain the influence of the rate of growth of this shoot 
upon the setting of fruit upon the spur whence it grows, a large 
number of fruit spurs were examined with reference to the pro- 
portion of flowers that set and the growth of the terminal shoot. 
The loose flowers and fruits were' picked from the spurs, after 
which the spurs were examined with a pocket lens and the scars 
whence the flowers had fallen were counted. The set fruits were 
also counted. The results are condensed in the following table:- 





rwhoiB 

flowera. 


fti'il^ci.'' 


UeaBarBbinD— Terminal growth from spar more than one inch 


1,233 
198 


83.8 
W.fl 



















From the above figures, we must infer that growth from the 
terminal bud of the fruit spur did not prevent the setting of the 

fniit. 
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CAUSE FOE THE FAILTJKE OF THE PISTIL IN NATIVE PLUMS. 

That the flowers of the native plums are often without pistils 
has been frequently noted, A study of the subject made at dif- 
ferent times at this Station, has shown that the proportion of 
flowers without pistils varies much in different varieties and in 
the same variety in different seasons ; also that the pistil may 
fail at different stages in the development of the flower. In 
some flowers, no pistil is visible at the time of the opening of the 
petals ; in others, the very small pistit is visible at the bottom of 
the calyx tube. 

A reason that has been suggested for the failure of the pistil, 
is, in effect, that the tree is often unable to develop a large crop 
of fruit and to produce at the same time a crop of vigorous 
flowers for the next season's crop. As a result of this overwork- 
ing of the tree, the pistil of a part of the flowers fails. This 
reason does not, however, satisfy the facts. The blossoms of 
other fruits that overbear often, as the European plum and the 
apple, are rarely without pistils, while certain varieties of the 
native plum, though blooming freely every spring, never have 
enough pistils in their flowers to produce a lai^ crop of fruit. 
Observation also showed that on individual trees, the flowers on 
branches that overbore the preceding season contained quite as 
large a proportion of pistils as those on other branches that did 
not overbear. 

. Our orchard contains a plum tree of an unknown variety of 
the Americana species, of which the flowers have always con- 
tained a very small percentage of pistils at the time of blooming. 
Examination of a large immber of flower buds of this variety 
during autumn, winter and early spring has shown that the pistil 
is apparently always present. It must fail, therefore, after the 
commencement of mild weather in spring, and the failure is 
doubtless due to cold after the buds have become excited by warm 
weather. While the pistils of the Americana plums are able to 
endure very severe winter weather, they are liable to be, in part, 
destroyed by a return of cold weather after iinseasonable warm 
weather in s])ring. It rarely happens, however, that the propor- 
tion of pistils thus destroyed, in our best varieties, is large 
enough to prevent a good crop of fruit, ( ^oitolp 
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summary of the preceding article. 

The anthers of one variety each of the apple, cherry, and 
plum failed to burst under a hell-jar, where the air was nearly 
or quite saturated. We may infer from this that the pollen of 
these fruits will not be discharged much during a rain storm, or 
while the trees are wet with rain or are enveloped in fog. 

Anthers of one variety of the apple did not burst freely in a 
very dry atmosphere at a temperature of 51° F. 

Pollen of the ifoldavka and Wood plums, the Dyehouse 
cherry and the Prunus apple germinated slightly at a tempera- 
ture of 40° F., but that of the two plums germinated much 
more freely at 51°. Pollen of the Moldavka plum germinated 
nearly as freely at 51° as at 65° to 70'^. Pollen of the Vermont 
Beauty pear and of an unknown variety of strawberry failed to 
germinate at 40^ F, that germinated at 51°. 

Pollen of two varieties of plum and one of cherry, confined 
five days at a temperature of 65'-' to 70° F. beneath a bell-jar 
where the air was nearly saturated, failed to germinate, while 
pollen of the same varieties confined in the same way, but at a 
temperature of 51°, germinated rather freely. We may infer 
from this that a prolonged rainy period during bloom is not 
likely to injure the vitality of pollen so long as the weather re- 
mains cool. 

Pollen of the plum and cherry germinated slightly after hav- 
ing been exposed to a temperature of 4° F. below freezing and 
that of the Wallace raspberry germinated freely after having 
been exposed lo 9"* below freezing. 

The fruit spurs in the cherry that made the largest gro"wth 
during the fruit setting period, set fruits for about as lai^ a 
percentage of their flowers aa those that made less than one inch 
of growth, from which we may infer that vigorous growth in the 
cherry tree does not necessarily interfere with the setting of 
the fruit. 

The failure of the pistil in flowers of the native plum is 
probably due, in the majority of eases, to. a return of cold 
wecther gfter the buds have become excited in spring. 
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INVESTIGATION OF FLOWER-BUDS. 



E. S. GOFF. 

idy of the early stages of flower formation in our fruit 
immenced in the summer of 1899 and pursued through 
a of 1900, has been continuedj as time permitted, Uie 
ion. Some of the questions to which answer was 
e past season were the following: 

e time of flower formation in the currant, gooseberry 
berry; 2nd, the variation in the period of flower for- 
etween different varieties of the apple growing in the 
hard; 3rd, the influence of irrigation upon the for- 
f flower-buds in the apple in time of drought, and 
extent to which flowers are formed the season before 
•ansion in those fruit plants in which no flower-buda 
stinguished in autumn. 

B TIME OF FLOWER FOKMATION IN THE CUEKANT, 

QOOSEBEEET AND CHANBERKY. 

36 fruits the effort was made to ascertain the date at 
2 flowers commenced to be visible, and also the develop- 
s'hich they attained before the close of the season. 
urrant. — ^Fig. 81 shows a section of a bud of the Po- 
•rant. The bud was taken from the bush July 8. The 
1 crown with its undulating border shows that the 
rere just beginning to appear at that time. Fig. 82 
I outline drawing of a section of a bud of the Whits- 
irrant, for which the bud was taken Oct. 30. The 

;siled report of tbeae studies see Report of this Station for 1899, 
3, and 1900, pp. 266-285. 
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flowers of the raceme appear muct crowded, but show little dif- 
ferentiation into parts. Fig. 83 shows the central part of a sec- 
tion of a bud of the Black Victoria currant, for which the bud 
was taken Aug, 3. It is apparent that the flowers are just be- 
ginning to form. 



ictton frnm bud of 
■J- taken Ann. ao No 
W9TB are appareDt. 



The Gooseberry. — Figs 84 and 85 show sections of two buds 
of the Downing gooseberry, for which the buds were taken Aug. 
30. The bud shown in Pig. 84 evidently had not yet com- 
menced to form flowers. The other shows the flowers well 
started. Fig. 86 shows a section of a bud of the same variety 
of gooseberry for which the bnd was taken Opt, 2(J, 1899, Tbs 
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ovules had apparently commenced to form in one of the flowers 
shown in thia illustration. (0 in the figure.) This is one of a 
very few instances thus far observed where the ovules are 
fonned in autumn. 



.-SsToe as FU- fi. Fl, i. 



Since the weather during the part of the paat season in which 
the flowers were beginning to form in the above plants was un- 
usually dry and warm, it is impossible to say how far the dates 
named are to be taken as the normal period of flower forma- 
tion for these plants. We may presume, however, that the. 
dates are not later than usual, since the tendency of hot and 
dry weather is to hasten the blooming period of plants. 

The Cranberry. — Certain members of the Wisconsin State 
Cranberry Growers' Association made a formal request, during 
the past winter, that the time of formation of flowers in the 
cranberry plant be investigated at our Station. They made 
this request because they were in doubt as to whether their treat- 
ment of their cranberry marahes during summer was best, and 
they felt that the tnowledge of the time of formation of the 
flowers would help them in formulating a method of treatment. 
Mr, W. H. Fitch, of Cranmoor, Wis., secretary of the associa- 
tion, volunteered to send material from a bearing cranberry 
marsh each week during the summer to aid in this investiga- 
tion. The material came regularly, with a few slight excep- 
tions, and generally arrived in excellent condition, 
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The first sample came to hand June 1, and was imrncdiately 
jirepared for examination under the n 
sJiows a longitudinal section through the 1 
ing shoota of this sample, multiplied a 
growing point, where the leaves and hud 
pointed out hy the dotted line from, A. 
points out the young leaves that are in 
from the growing p<jint. On either sit 
two m ore-ex j)anded leaves, and in the an 
each pair, indicated hy C, appears a 
destined to remain donnant until the i< 
it migiit have developed into a "runner," 



Other huda that came from time to ti 
oxamined, but no marked change appear* 
of July, when it was evident that, althoii 
continued to form at the growing jtoint, 1 
rapidly, and the young leaves showo 
straigliten out, Fig. SS shows a longitudi 
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apex of a shoot received July 27. The growing point is indi- 
cated at A 83 before, and the young leaves about it are shown by 
E. Note the large number of undeveloped leaves as compared 
with those in the preceding figure. This shows that the stem 
just behind the growing point has nearly ceased to grow, and is 
an indication that the so-called terminal bud would soon have, 
formed. At this time, however, the apex of the stem was very 
small, having scarcely as yet eomnieneed to swell. During 
August there was a gradual tliiekeiiing of th6 apex of the stems, 
but no clear indication of flowers conid be found, until sonie 
buds received Sept. 16 were sectioned. A section of one of these 
buds is shown, multiplied by 45, in Fig. 89. 



FiO. SB.— Same bh Fig. SI. from bud taken Sept. IB. Q P, Krowiag points ; B S, incipient 

leaves; F, incipient flower, (ife.) 

Comparing this illustration with the preceding one, a marked 
increase in size is noticeable, and also the tendency of the 
younger embryo leaves to curve outward at the center. But 
the most radical change is that shown in the vicinity of the 
growing point. In the axils of one of the youngest embryo 
leaves appears a protuberance (F), quite different in form and 
ixisition from anything we have seen heretofore. From its lo- 
cation, and its close resemblance to the embryo flowers of other 
plants, there can be no question that this is an embryo flower. 
The last buds received prior to this sam'ple came to hand Au- 
gust 31, and no indications of flowers could be found in these. 
Had another sample been received intermediate between these 
two, we might possibly have detected the flower formation at 
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an earlier stage. We know, however, that the plants whence 
these buds came began to form flowers during the first half of 
September, which is sufficient for our present purpose. A study 
of the flower-forming period in other fruit plants has shovu 
that the development of the flowers is quite rapid for a time 
after they start. It is quite possible that the visible flower 
growth shown in Fig. 89 may all have occurred during the week 
preceding the taking of the sample. 

The question may be asked, why only one flower is apparent, 
when several flowers usually open from one terminal bud? The 
illustration shows only a thin section through the center of the 
bud, but the flowers are distributed around the stem of the bud 
somewhat as the eyes are distributed over the surface of a po- 
tato. It would, of course, be impossible to make a thin slice 
lengthwise through a potato that would dissect all of the eyes, 
and it is no more possible to show all of the flowers in a bud on 
a single section. 



Some buds received Oct. 2 were sectioned to ascertain how 
much growth, if any, had occurred in the flowers after Sept. IG. 
As appears from I'ig. 90 the flowprs appear to have advanced 
slightly between Sept, 16 and Oct. 2. Fig. 91 shows a section 
through a bud rcceive<l Oct. 10, which also shows a slight ad- 
vancement ill the flowers over those received Oct." 2. The calyx 
and petals are more readily discerned. 
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. It -would be imsafe to conclude that the flowers of all varieties 
of the cranberry begin to form every year during the first half 
of September, They may form earlier or later in some varieties 
and in some seasons. It is hoped that the observations may be 
repeated the coming season. 

II. THE VAKIATION IN THE PEBIOD OF FLOWEE FOEMATION 
BETWEEN DIFFEKENT VABIETIBii OF APPLE IN 
THE SAME 



Our investigation in the summer of 1899 showed that the 
embryo flowers began to be visible in one variety of apple (the 
Hoadley) as early as June 30; further investigation in 1900 
gave excellent evidence that many flowers on that same tree 
formed after September 1, 1899. The latter investigation also 
showed that on certain trees the flowers continued to form until 
checked by cold weather. 

The past season, the attempt was made to ascertain to what 
extent the period of flower formation is a regular one for all 
varieties of the apple. We know that the period of flower ex- 
pansion in spring does not vary much between varieties, and 
that trees of many varieties in an orchard are commonly in full 
bloom during the same weet. It is easy to infer from this, that 
there is a period during summer when the flowers are forming 
rapidly in nearly all bearing trees of the same fruit at once. 

The investigation here reported was made upon trees in our 
Station orchard that had borne fruit in one or more previous 
seasons. It was made by examining from time to time a few 
buds on the diiferent trees that seemed most likely, from their 
location and appearance, to become flower-buds. If these buds 
contained no flowers, it was assumed that the tree whence they 
came had not yet entered the flower-forming period. Figs. 92 
and 93 show outline drawings of longitudinal sections through 
buds of two varieties of the apple, in which the embryo flowers 
are just beginning to appear. If these sections are compared 
with other sections through a leaf-bud, the protuberances at 
the apex of the bud stem cannot be mistaken for embryo leaves, 
and other buds that show later development of the flowers will 
remove any possible doubts on the subject. 
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The past season was very warm and dry from the middle of 
June iiDtil September, and this fact doubtless influenced the 
formation of flowers in our orchard. Out of 114 varietira ex- 
amined, only 40 appeared to have any embryo flowers in their 
buds at the beginning of October. Five of these 40 varieties, 
viz., Crimea Bog, Getman, Gideon, Gros Mogul, and an un- 
named seedling had formed many flowers prior to August let; 
two of them, on the other hand, viz., Crampton's No. 3 and 
Hazenkopt did not form flowers until after September 3rd. The 
buds of Crampton's No. 3 had been examined twice, and those 
of Hazenkopt three times, before any flowers were found. The 
other 33 varieties of the 40 apparently began to form their 
flowers some time between Aug, Ist and Sept. 3rd. 





Fio.Bl 
Vertioal sections through a flawer-bod of the Ostman, 
UTely. Fl, flowara. [i 22,. 

About Sept. 10 a bountiful rain came. Although several 
weeks of warm weather followed, no varieties appeared to com- 
mence the formation of flowers after this rain. We must infer, 
therefore, that during the past summer, there was no well- 
marked flower-forming period among the apples that formed 
flowers in our Station orchard, or at least that different varieties 
began to form their flowers through a period five weeks or more 
long. 

While we hope to give this subject furliier investigation, the 
evidence gained during the past two seasons points strongly to 
the conclusion that a bearing apple tree may begin to form 
flowers at any time after growth ceases until toward the middle 
of September, or it may not begin at all. 



^cibyGoot^lc 



312 Eighteenth Annual Rbpoet of TAB 

III. THE INFLUENCE Of lEEIGATION UPON THE FORMATION OF 
FLOWEE-BUDS IN TIME OF DKODaHT. 

This experiment was made upon two Gideon apple trees of 
the same age, and apparently uniform in condition. Both were 
planted in 1891 and have received the same treatment siuw; 
they stand 48 feet apart. The soil about them was in grass 
during the season of 1900, but was plowed about June 1st the 
past season. On June 12 two barrels of water were applied to 
the soil about one of the trees, by pouring it into shallow holes 
dug in a circle a few feet from the trunk> and a similar watering 
was given each week, with one exception, until the, middle of 
August. At least sixteen barrels of water were given this tree 
and it was so put on that none of it flowed away, unless by sink- 
ing dovraward. The other tree received no artificial watering 
and only 3,98 inches of rain fell during the period that the first 
tree was watered. A considerable part of this rainfall came in 
small showers that failed to wet the soil to the depth of an inch. 
The foliage of th^ watered tree was perceptibly fresher after tlie 
watering commenced than that of the other, and the growth of 
it was a little stronger, but the difference was less than was ex- 
pected. The buds on both of the trees were examined for flowers 
on July 12, 23, and 31, but no flowers were found on either 
tree, though at the last examination both trees showed symptoms 
of flowers. On August 9, both of the trees had flowers in all of 
the buds examined. The difference in their advancement was 
slight, but the little was in favor of the not-watered tree. 

Wishing to ascertain the difference, if any,_in the percentage 
of flower-buds formed on the fruit spurs on the twa trees, 100 
buds were taken from the spurs of each tree, Oct. 16 to 18, and 
weighed, after which they were examined under the microscope- 
The 100 buds from the watered tree weighed 10.1 grammes, 
while those from the not-watered tree weighed 13.138 grammes. 
Eighty-nine buds out of each lot contained flowers. 

The growth beneath the buds on the fruit spurs was, on the 
average, at least twice as much on the watered tree as on the 
other, but the number of swelled buds on the spurs was per- 
ceptibly greater on the not-watered tree. 
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It is noted above that only 89 per cent, of the swelled buds 
exaniined on the fruit spurs of these two trees contained flowers. 
It was repeatedly observed, tlie past season, that we cannot say 
with certainty that any given biid on the apple tree contains 
flowers without dissecting it. The plumpest buds of all are 
commonly the terminal buds of the shoots, and these rarely 
contain flowers. But eases were occasionally found where the 
plumpest buda on a fruit spur were without flowers while a less 
plump one had formed them. Between different varieties, it is 
unsafe to judge without dissecting sample huds which of two 
may contain the more flowers. These facts do not, however, 
. prevent the observing apple grower from forming, during 
autumn or winter, a fairly accurate conclusion as to the amount 
of bloom he may expect the next spring. 

It is of interest that the abundant watering given the watered 
tree, in a period of extreme drought and heat, did not perceptibly 
affect the time of the appearance of the first flowers, although 
these did not appear until about eight weeks after the watering 
had commenced. Nor did the watering perceptibly afTect the 
percentage of the swelled buds that formed flowers. It did, 
however, seem to afEect perceptibly the percentage of buds that 
swelled, and also the amount of growth beneath the buds on the 
fruit spurs. The tree that was not watered promises to bear the 
better crop next year, 

IV. AKE THE FLOWEBS FORMED THE SE.\SON PRIOtt TO THEIB 
EXPANSION IN THOSE FEITIT PLANTS IN WHICH WE CAN 
' DISTINGUISH NO FLOWEK-BUDS IN AUTUMN, 

In some of our fruit plants, as the apple, pear, peach, plum, 
and cherry, the buda that contain flowers can be distinguished 
from their appearance or location, with some degree of certainty, 
the autumn before their expansion. In others, as the quince, 
raspberry, blackberry, and grape, no such flower-buds can be 
distinguished. It is of interest to know whether the flowers in 
this latter class of fruit plants are formed the season prior to 
their expansion, or in spring, after growth commences. 
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;he commoii quince (Cydonia vulgaris)tiie flowera are sol- 
it the ends of leafy shoots. The buds that are to flower in 
; are little if any larger the preceding autumn than others. 
pears from Fig. 94, however, the embiyo flowers are pres- 
autumn in the buds that are to flower in spring. Since 
is only one flower in a place, and that is but little devcl- 
n autumn, the flower-buds are not conspicuously different 
jther buda on the same plant, but it is probable that they 
e made out, in part at least, by close examination. 




» most conspicuous difference between the flowering habit 
quince and that of the apple is that the flowers in the 
) are borne singly. In the apple, as in the quince, the 
s are Ipme at the end of a leafy shoot, but the intemodes 
s shoot are commonly less elongated than in the quince. 
the raspberry and blackberry, the buds that form in the 
if the leaves of the young shoots contain a whole branch in 
o — often several nodes, with a leaf at each node. The 
; the apex of this branch and the axillary buds along it, if 
OTTO.; are flower-buds. As appears from Figs. 95 and 96, 
o flowers in these buds are form&d the season before their 
sion, at least in part 
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In the grape, the bud that forms Dear the axil of a leaf on the 
young shoot, contains, as in the raspberry and blackberry, a 
shoot in embryo, but in the grape the terminal bud does not form 
flowers. The axillary buda of this shoot, however, do form flow- 




j. 95,— Vertical seclioi 



B in aatamD. F, 



era. In this respect the grape resembles the cranberry. An ex- 
amination made in the autumn of 1899 ahowed that these 
embryo flowers were also discernible in autumn. 

If our theory that an abnndant supply of water and the con- 
sequent rapid growth arc opposed to the formation of flowers, is 




of SoDaDZH raapberr; 



correct, it is difficult to comprehend how flowers can be formed 
in woody plants in early apring, for the wood is certainly more 
gorged with water in the early spring than in any other part of 
the growing season. 
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SUMMARY OF THE PRECEDING AETICLE. 

Buds of the Pomona currant taken July 8 showed a very 
early stage of flower formation ; those of the Black Victoria cur- 
rant taken Aug. 3 showed the flowers just beginning to form; 
those of Downing gooseberry taken Aug. 30 showed flowers well 
advanced. Buds of the latter taken Oct. 20, 1899, stewed 
ovules. Buds of the cranberry taken Aug. 31 showed no posi- 
tive evidence of flowers, while the samples taken Sept, 18 
showed flowers well started. The flowers showed some develop- 
ment after Oct, 2, 

Plowers commenced to form in different varieties of the apple 
at various times from prior to Aug. 1 to Sept. 3rd. After the 
plentiful rains which began about Sept. 10, no varieties ap- 
peared to commence the formation of flowers. 

The application of two barrels of water per week to a tree of 
the Gideon apple, during a severe drought did not, apparently, 
cause it to form flowers either earlier or later than on a check 
tree that received no artificial watering ; nor did it change the 
percentage of the buds on the fruit spurs that formed flowers. 
It did appear, however, to reduce the size of the flower-buds, and 
also the total number. 

Flowers are unquestionably formed the season previous to 
their expansion in the quince, raspberry, blackberry, and grape, 
notwithstanding the fact that no flower-buds can be distinguished 
in autumn in these plants. 
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THIRD REPORT ON EXPERIMENT IN PINCHING 
RASPBERRY SHOOTS. 



F. CRANEFIELD. 

In the spring of 1897 eighteen rows of raspberries were 
planted for the purpose of observing the influence of pinching 
the growing shoots on the yield of frnit and the growth of the 
plants. The plants were set four feet apart, in rows seven feet 
apart. Nine rows of Gregg and nine of Ciithbert were planted. 

The plan of the experiment as outlined by Prof. Goff in the 
last Annual Report of this Station follows : 

"For the experiment, the plat of each variety was divided into 
three smaller plats, each of which contained three rows. Each 
of these three-row plats had one row that was left unpinched, 
one row of which the shoots only were pinched, and one row in 
which both the shoots and laterals were pinched. In the first plat 
of each variety, the shoots of the pinched rows were pinched as 
fast as they attained the height of 12 inches; in the second plat 
they were pinched as fast as they attained the height of 18 
inches, and in the third plat, as they attained the heiglit of 24 
inches. The laterals were pinched as they attained a length of 
12 inches." 

Until 1899 four shoots to a plant were allowed to grow, but for 
the. past two seasons five shoots to a plant were retained. 

The plantation has been well cultivated each year during the 
growing season and the plants have been covered with earth each 
winter. A dressing of well-rotted manure was applied during 
the winter of 1900-1. 

The extraordinary heat and drought of the past season seri- 
ously affected the yield of fruit, reducing it to less than one- 
half that of the previous season; 
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The data covering the yield of fniit, etc., are given in the fol- 
lowing table, in connection with an average of the two preceding 
crops. In the third and fourth columns will be found the actual 
yield of fruit in ounces and the yield calculated to 36 plants to a 
row. The average yield for three seasons is given in the right- 
hand column in bold face type: 

Table showing the effect of pinching the shoots on the yield of/ruU. 



IS Id .. 



ShooU not piDobed. . 

Shoota ptaehfld 

ShooU pinebed at 12 in. 
piDcbed fit n in 

Shoota Dot plnohed 

Shoots pinched at IS Id... 

Shoota pinched at 1^ In. 



Shoots not piothed 

Sboota cinched at 24 in 

Shoota pinched at 24 in., laterals 



Shoots pinched at 
Shoots pinahed, B 



Shoota pinched at IS in. . 



Shoota not pinched. . 
Shoots pinched at 24 



it 24 in,, laterals 



10S.3 


1,007 


1MB 


I.ISB 


91 4 


1.013 


121.1 


1,07« 



Considering the average for three seasons, it may be seen that 
the two largest yields in the case of the Gregg were from the two 
rows pinched at 24 inches, and the third lai^st yield was from 
the row pinched once at 18 inches. 
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. In the Cuthbert the two largest yields were from the rows not 
pinched and the third largest from the row pinched once at 24 
inches. 

The average of the liiree uot-pinched rows of Gregg is 1065 
ounces, of the three rows pinched once 1262 ounces, and of the 
three rows pinched twice 1256 ounces. 

The average of the three not-pinched rows of Cuthbert is 
1021.6 ounces, of the three rows pinched once 1026.2 ounces and 
of the rows pinched twice 964.0 ounces. 

Effect of pinching on the growth of shoots and suckers: All 
Buperfluoua shoots and suckers were removed from time to time 
during the growing season and weighed. In the following table 
is shown the amount in ouneee for three years, as well as the 
average of all of the rows pinched in different ways and those 
not pinched : 



Table showing the effect of pinching on the, growth of »uperfluou» 
shoots and suckers. 





..... 


..... 


l»01. 


QKBOe.. 


X 


SS' 


#- 


S. 


II'" 


Not 
piDoh- 


twice. 


once- 


pioch- 


"/At".." 

Pinched at IS 
Pinchid ■at'2i 

Aierage... 


OlB. 

2U.0 
382,0 


OZB. 

241.4 
282. S 

~iJa"o 


Oza. 

leio 

238.2 

lre!2+ 


76.25 
61.75 

~io~ 


70.75 
48.0 

56.8+ 


Ozs. 

S8.5 
39.25 
61.75 

52. 5~ 


Ol5. 

1^.5 
198.2 
223.5 


Oii. 

93.5 
B7.» 

113.8+ 


O.B. 

20S.3 
186.7 
186.6+ 


"S^.".." 

Pinched at 1» 

Pinchid'ata 
inches 


921.0 
884.0 

loiT- 


m.9 

~B3bT 


938,0 
a08.B+ 


ns.25 

138^08+ 


m.Ts 

171,83+ 


192. 2S 
195.5 


as7.o 

260.8 


129,1 

S18.2 


Z8S.2 
1B7.4 

603.1 


Aserage... 


Bna.l6+ 


306. B+ 


346.W- 


3Se.»f 



Computing from this table, the average results of the three 
seasons we have the following: 

Gregg. — Pinched twice, 533.5 ounces; pinched oncCj 416.6 j 
not pinched, 444.3 ounces, 
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Cuihhert. — Pinched twice, 1279.3 ounces; pinched once, 
1458,3 ; not pinched, 1344.3 ounces. 

Summary. — From the data here given it appears that high 
pinching (at 18 and 24 inches) increased the yield of the Gregg 
raspberry and decreased the yield of the Cuthbert, 

Low pinching (at 12 inches) appears to have decreased the 
yield in both caaes. 

Pinching lias increased the production of shoots of the Gr^g 
and decreawd the production of both shoots and suckers in the 
Cuthbert. 

It is intended to continue this experiment for at least two 
more years. 
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EXPERIMENTS IN SUB-IRRIGATION OF FLOWER 
BBDS. 



F. CRANEFIELD. 

Flowering and foliage plants when set in beds rarely receive 
sufficient water for their fullest development. The plants are 
usually set so closely together that the roots quickly exhaust the 
moisture from the soil and also prevent, in a large measure, 
cultivation of the surface soil. In many cases the beds are 
raised more or less above the surrounding lawn so tliat instead of 
retaining more water from rains than the adjacent grass, they 
usually retain far less. Under such conditions flower beds re- 
quire frequent and thorough watering in order to obtain the beat 
results. 

Sub- irrigation for flower beds has been successfully employed 
on the Station grounds for the past six years. The first experi- 
ment in this line was described in the 13th Annual Report of 
this Station (pp. 256-259) and is here briefly reviewed. 

A circular bed 22 feet in diameter was excavated to a depth 
of 16 inches and a system of three-inch drain tile laid on the 
(clay) bottom', as indicated in the diagram (Fig. 97). The main 
line was closed at one end and connected with a vertical tile at 
the other to serve as an inlet. The branch lines were laid one 
foot apart and the outer end of each line was closed with a brick. 
The bed, when refilled, was planted with Castot Beans, Cannas, 
Caladiums, Coleusea and Geraniums. The bed was watered 
five times during the season, about fifty barrels of water being 
applied each time, by means of a two and one-half inch stream 
under slight pressure. The results were highly satisfactory so 
far as the growth of the plants was concerned. 
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The following jear tliree smaller beds on the lawn were ar- 
ranged for sub-irrigation in a similar manner and, as with the 
larger bed, have proved in a large measure satisfactory. 




FlQ. BT.-Showinf 



This plan of sub-irrigation, however, is open to several objec- 
tions, among which are the following: The enormous quantity 
of water required, much of which is no doubt lost by seepage ; 
the tendency of the water to rise rapidly to the surface of the 
bed at a few points and overflow before the main portion has 
become saturated. If the bed is located on sloping ground the 
water will frequently "break out" at the lowest point, often 
several inches from the circumference of the bed. In the case of 
beds as large as the one described a large stream or head of water 
is required so as to maintain pressure in the tiles sufficient to 
force the water to the surface. In the experiment described a 
three-fourths inch stream for 34 hours bad no apparent effect in 
wetting the soil in the bed. 

Experimenis in 1901. — An experiment conducted during the 
past season furnished opportunity for a comparison of different 
methods of sub-irrigation with surface watering. 

Three beds, each five and one-half by eight feet, located on 
sloping ground, were prepared as follows : Bed No. 1, designed 
for surface watering, was simply spaded to a depth of one foot 
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and leveled for planting. Bed No. & was excavated to a depth 
of 17 inches, the bottom covered with two inches of cement and 
the sides bricked to a height of 13 inches and covered with a Uiin 
layer of cement. A layer of gravel, two inches in depth, was 
then spread over the bottom and over this a thin covering of 
freshly cut grass, sufficient to prevent the soil from filling the 
spaces between the gravel stones. A vertical tile was then set at 
one end, with the lower end slightly raised above the cement bot- 
tom, to serve as an inlet for water. It will be observed that the 
hrick lining was not extended to the surface. The e.\pense was 
thereby lessened and an opening provided for the escape of sur- 
plus water by capillarity. 



I I I q 



=c=C 



znz 



\^ 



1 — B 



Flo. S8.— Shoniiig groutid plan ot bed No. 3. arraoead for aab-irriKatiun. 

Bed No. $ was excavated to a depth of 15 inches and the clay 
bottom and sides "puddled" thoroughly by mixing water with 
crumbled clay to form a paste. Eighteen sections of 3-inch tilo 
were then laid on the bottom of the bed, as shown in Fig. 98. 
The sections of the main line were glazed sewer pipe, known to 
the trade as "tees," the laterals were common drain tile. The 
sections of the branch lines were laid close together and the outer 
ends closed. The end opposite A was also closed, and at A, a 
vertical inlet pipe was cemented to the first section of the main 
line. The beds were then refilled with earth and prepared for 
planting. Species of plants were selected that require 
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dant supply of water in order to make a satisfactory growth. 
On June 6tli the following were set in eacli bed : 

Three Castor Bean, 1 Caladium, 2 Cosmos, 6 Pennisetum, 16 
Coleua and 6 Canna plants. The beds were watered immedi- 
ately after planting, by means of a three-quarter inch hose con- 
nected with a water system affording considerable pressure. 

In watering, bed No. 2 (cement) was supplied with water 
until the, surface appeared moist ; the amount required was noted 
and an equal amount applied to bed No. 1 and bed No, 3. As 
only a portion of tlie water would be absorbed by the soil in No. 
1, even when applied slowly and with great care, a barrel was 
sunk in the ground alongside the bed to receive the overflow 
wliieh could then bo measured. 

At the first watering 148 gallons were required to wet No. 2 
(cement), which amount was not sulRcient to wet the soil to the 
surface in-No, 3 (tile), while but 36 gallons could be supplied 
to the surface bed. At subsequent waterings from 48 to 50 gal- 
lons were required for No. 2 and No. 3 and about one-half of 
this amount was retained in No. 1. 

The beds were watered as needed until Sept. 16th, which, ow- 
ing to the extremely dry season, was about once a week. The 
results were decidedly in favor of sub-irrigation. The plants 
in bed No. 2 made a stronger growth and were at all times 
more vigorous and blosaomed more freely than those in either of 
the other beds. No. 3 was a close second but at all times lagged 
behind No. 2. The plants in bed No. 1 (surface) grew to about 
one-half the height of those in No. 2 and were less vigorous. 
Fig. 99 and Fig. 100 show the comparative size of the plants 
in the diilerent beds. The surface-watered bed appears at the 
right in Fig. 99 and at the left in Fig. 100. The following 
table shows the average height of the plants : 
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Table Bhowing the ave.fage height of the different ipeciet ofptantB 
in sub-trriffaied and aur/ace-watered beds. 





Castor beau 


CoBmoB. 


ColoDH. 






FoBt. 

80 
7.0 


Feet. 


Feet. 
3,2 

is 


Feat. 















The coat of construction of bods No. 2 and No, 3 over that of 
No. 1 is as follows : , 



While the cost of the tile is less than the cement bottom the 
results obtained were not as satisfactory, and it is open to the 
objections cited in the original experiments. 



Flower beds require more water than similar spa' 
to farm or garden crops; in fact an ah imd ant, supply of water 
at all times is essential to success. This water can be best and 
most economically snpplicd by sub-irrigation. . 

A permanent, water-tight basin has proved mo.r© satisfactory 
than tile laid on an earth- bottom. 

The added expense of construction may he counted as a per- 
manent improvement to the premises. The pleasure derived 
from the luxuriant growth and wealth of bloom may also be 
rectoned as compensation. , ■-'- - 
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THE INFLUENCE OF FORMALIN ON THE GERMINA- 
TION OF OATS. 



F. CEANEFIELD. 

The most approved method of treating seed oats for the pre- 
vention of oat smut consists in wetting the seed thoroughly with 
a solution of formalin in water. 

One pound (pint) of formalin is added to 50 gallons of water 
(being equal to 2^ parts to 1,000), and the seed thoroughly 
sprinkled with the solution, or better, immersed in it for 30 min- 
utes and then spread out to dry before sowing. 

Either method is efiFectual in destroying the spores of smut on 
the seed and a crop free from smut may be expected from such 
seed if it is not again infected before sowing. The methods em- 
ployed have been discussed in previous publications of this Sta- 
tion and will not be taken up here, but the influence of the treat- 
ment on the germination of the seed and the vigor of the plants 
suggests many questions, some of which follow : 

(1) Does the formalin solution at the rate of 1 pint to 50 gal-. 
Ions injure the germinative power of seed immersed in it for 20 
minutes ? 

(2) May a stronger solution be used without injury to the 
seed? 

(3) May seed oats be immersed in the standard solution (1 
pint to 50 gallons) for a longer time than 20 minutes without. 
injury to the seed ? 

(4) How does the treatment affect the vigor of the plants ? 
In order to obtain data on these subjects the following ger 

mination tests were conducted. Samples of each of 20 varieties 
of oats were taken from crops grown on the Station grounds the 
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past season, numbered from 1 to 20, and one sample of each, tied 
loosely in a cheese-cloth sack, was immersed for 20 minutes in a 
solution of formalin of standard strength. {2 1-2 parts to 
1,000.) 

As a check, or control, similar samples were soaked for 20 
minutes in hydrant wafer. After drying, 100 seeds of each of 
the 40 Bamplea were placed in a Geneva seed tester (an appara- 
tus so arranged that a large number of samples may be tested 
at once and under similar conditions), and a daitj record kept 
of the number of germinations. 

Three tests were made in this way, the results being shown in 
the following table : 

Table showing the percentage of germination of oats treated and 
untreated, (he difference in germination and the average per- 
centage of injur}/. 
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By observing the figures in the right hand cohim it will be 
seen that the average percentage of injury as the result of treat- 
ment varies from 1 2-3 per cent, in No. 1 to 20 2-3 per cent, in 
No. 4. In a few eases, tliose marked by an asterisk, the treated 
seed germinated better than the untreated, in all others the treat- 
ment injured the seed. 
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In addition to these teste two soil tests were made. One hun- 
dred seeds of each variety were planted in the greenhouse in shal- 
low boxes filled with soil. The following table shows the results: 

Table showing percentage of germination; differeme in germina- 
tion and average percentage of injurg of oafg treated and 
untreated. 
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As may be seen from the above the injury varied from 4 per 
cent, in No. 14 to 42^ per cent in No. 1. In two cases in the 
first test, Nos. 5 and 14, the treated seed germinated better than 
the untreated. 

In order to determine the effect of solutions of formalin of 
varying strength on germination, nine solutions were prepared, 
viz. : 1 pint to 50 gallons, 1 pint to 45 gaJlons, etc., the strongest 
solution used being 1 pint to 5 gallons. 

A sample of No. 1.8 oata was immersed in each of the solutions 
for 20 minutes, as well as one in hydrant water. After dry- 
ing, 100 seeds of each lot were placed in the Geneva tester. 
The results of the tests are given in the following table : 
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rob/e showing per cent, of germination of oats treated to aotittiona 
of formalin of varying strength. 



It to BgalloDS... 

ittolOnBUooi... 
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The results of these tests show the marked influence of forma- 
lin on the germination of oata when used in solutions stronger 
than 1 pint to 50 gallons, the injury increasing in direct propor- 
tion to the increase in the strength of the solution used. 

No serious injury appeared to result from soaking the seed for 
a longer period than 20 minutes, as may be seen from the follow- 
ing table showing the average of four tests : 



Table skiwing the average percentage of germination of 4 varie- 
ties of oata treated to formaliit for periods variiig from HO 
Tninutes to S4 hours. 
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90 
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As may be seen from this the treatment of the seed for 20 
minutes caused a perceptible injury, but the treatment for a 
longer period did not appear to effect a corresponding injury. 

The effect of the treatment on the growth of the plants was 
very marked in every case, the growth of the plants from the 
treated seed being decidedly checked at first. Later, however, 
the growth was more nearly equal, but the plants from the 
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treated seed did not at any time equal in height those from the 
untreated seed. It is well to note, however, that the plants 
were grown in but three inches of soil. Had they been in the 
open ground it is possible that at maturity the growth of the 
plants from the treated seed might hare equaled that of the un- 



treated seed. Fig. 101 shows 7 days' growth of two groups of 
plants of No. 6, the group on the left being from treated seed 
and the one on the right from untreated seed. Fig. 102 shows 
15 days' growth of the same groups, and Fig, 108, 30 days' 
growth. Fig. 104 shows three lots of plants grown from seed of 
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No. 18, the two outer pairs of rows from untreated seed and the 
pair in the middle from treated seed. Fig. 105 shows two lots of 
plantB of No. 18 grown wholly in water. The ones on the right 
are from untreated seed and those on the left from treated seed. 
Fig. 106 shows the same plants at a later date. 



FiO. 101.— Showing three lnt»o( oat plants: the mUtdU pair of rows troia treated e»ed 
aod the tvo onler pairs from auireated ee«d. 

Professor BoUey of the North Dakota Station gives results 
widely different from the above. The following is quoted from 
p. 161 of Bulletin 27, North Dakota Experiment Station : 

"Many germination tests of the effects of 

this substance (formaldehyde) upon selected wheat and oats 
have been perfected, and it is found that such grain is benefited 
and improved in germinating power by this chemical. The un- 
treated samples which were tested as cheeks were soaked in dis- 
tilled water periods of time equivalent to that of the formalin 
treatment. This allows one to decide that the benefit of the 
formalin treatment upon the seed is not due alone to the moist- 
ure taken up. Either sort of grain germinates perfectly and 
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unusually rapid after soaking one to three hours in a solutdou of 

the strength of 4 parts to 1,000." 

A comparison of these statements with the above experiments 
leads to the conclusion that oats grown in different places may 
be affected differently by the formalin treatment. 



Summary. — The experiments described above, covering the 
germination of over 25,000 seeds, lead to the conclusion: thai: 
a formalin solution as weak as 2J parts to 1,000 may injure 
oats for seed ; that in the case of the varieties tested the injury 
increased as the strength of the solution was increased ; that an 
increase in the length of time docs not proportionately increase 
the injury when the standard formula is used (2^ parts to 
1,000) ; that the growth of the plants appears to be checked at 
fi rst a s a result of treating the seed, but at the end of 30 days 
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